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THE ROLE OP SURFACE-ACTIVE CONSTITUENTS INVOLVED IN 
THE FOAMING OP MILK AND CERTAIN MILK 
PRODUCTS. I. MILK PROTEINS 

M. S. EL-EAFEYi and G. A. EICHARDSON 

Biinsion of Dairy Industry, College of Agriculture, Dnivcrsity 
of California, Davis 

INTRODUCTION 

The study of tlie foaming problem is of considerable interest in the dairy 
industry as well as several other industries. Some practical problems such 
as elmniing of cream, shrinkage of ice cream, whipping of cream or con- 
densed milk; prevention of milk solids losses in manufacturing processes, 
foaming of casein in paper-coating, and the efficiency of pasteurization are 
directly related to the foam problem. 

The surface-active constituents of milk contributing to its foaming prop- 
erties, ill all probability, are involved also in other physico-chemical prob- 
iems such as creaming of milk, rebodying of cream, insolubility of milk' 
powders and in the various activities at the fat globule interface. 

A survey of the literature indicated the desirability of undertaking a : 
systematic study of the fundamental foam problem in milk products. In; 
the present paper, the apparatus used in these studies and the units of foam; 
measurements are described, and the foaming properties of the major milk 
proteins are reported. : 

REVIEW OF LITERATURE 

At the beginning of the present century, Siedel and Hesse (40) presented; 
quantitative proof of a protein accumulation in the milk foam. This workj 
confirmed later by others (20, 38) marked the start of the present state of 
confusion as to what protein is responsible for the foaming of milk. Siedel 
(39) introduced the notion that the foaming substance in milk is other thah 
its two major proteins — casein and albumin. Subsequent efforts were di4 
rected towards the finding of the foaming substance in the minor fraction^ 
of milk proteins. i 

Rahn (31) claimed that milk contains a special foam compound, whieli 
■ is probably the protein that surrounds the fat globules. This suggestion did 

Received for publication May 21, 1943. ; 
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not clarify tlie question to any extent. The protein of the stabilizing film 
on fat globules in milk has been identified as (a) albumin, (b) glycoprotein, 
(c) globiilin-like protein, (d) new protein, (e) casein and (f) a mixture of 
proteins (6). ^ 

Hekma and Brower (15) concluded from microscopical studies that the 
separator slime came from collapsed foam cells. Grimmer and Schwartz 
(13) studied the nature of the foaming material in milk by analyzing the 
separator slime, and found that it contained only 36 per cent casein in the 
protein fraction. The other 64 per cent protein was claimed to be a new 
protein probably- identical with the foaming substance of milk. Eahii and 
Sharp (32) called this substance ‘‘Schaumstoff.” 

Ansbaeher, Flanigan and Snppiee (1) eluted a protein fraction from 
high-foaming commercial casein. The eluted casein lost its foaming ability, 
whereas the elution product showed remarkable foaming. There was no 
definite conclusion as to the identity of this foaming substance, but a globu- 
lin with a sterol prosthetic group was suggested. According to the authors, 
the foaming compound can be separated from milk after removing all the 
major proteins of milk. 

Sharp, Myers, and Guthrie (38) analyzed separated milk foam for the 
protein fractions. They concluded that there is no preferential accumula- 
tion of any major protein fraction in the foam. Sharp and Krukovsky (37) 
reported the isolation of an agglutinin from milk, which is responsible for 
the clustering of solid fat globules and the creaming of milk, and also for 
the foaming of skim milk separated at 50*^ C. 

The modern conception of the factors and forces governing different 
stages in the existence of a foam will not be reviewed because they have 
recently been reviewed by Berkman and Egloff (3, 4). 

The present investigation represents an attempt to establish a better 
understanding of the role of milk pi’oteins involved in the foaming of milk 
and some of its products. It includes the isolation and study of the foaming 
properties of casein, lactalbnmin and lactoglobnlin. 

EXPERIMENTAL 

The foam apparatus. The foam measuring apparatus used in the pres- 
ent work is shown in figure 1. It is a modification of the type used by 
Hansley (14) and othei^s (5, 8, 12, 18). The chief improvement is the pro- 
vision for separating the foam from the liquid. A known volume of air is 
forced at a measured pressure through a sintered glass disc into the layer 
of liquid above it. The volume and the stability of foam which is formed 
are measured at the desired temperature. 

Foam measurements. In standardizing the apparatus, the most repro- 
ducible results were obtained with separated milk under the following con- 
ditions: 1) volume of sample, 50 ml., 2) time of forcing air through the 
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sample, 20 seeondvS, 3) manometer pressure, 30 mm. of mercury and 4) 
reserve pressure on storage tank, 5 potuids per square incli (0.35 kg./em.^). 

The volume of air that passes through the sample varies linearly Tvitii 
the temperature from 195 ec. at 5^ C. to 270 ce. at 55^^ 0. with a range of 
±: 2 per cent. 

To determine the comparative quality of a foam, the sample was tem- 
pered in the water bath at the desired temperature and two measurements 
were obtained. 1) The foam height which is the reading taken immediately 
after shutting off the air pressure. 2) The average duration of half the 



Fig. 1. Foam apparatus. The apparatus consists of a glass eyUiider tapered atj 
the lower end to form a ground glass joint. A sintered glass plate is sealed into the tube 
above the tapered i)ortion. The upper end is sealed to a ground glass joint which permits: 
a connection of a hent glass tube. The cylinder is surrounded by a removable water; 
jacket connected to a pump that circulates the water from a thermostatically eontrolled' 
water bath. The air pressure is generated by an air compressor provided with a storage! 
tank, a gauge to indicate air storage pressure and a needle valve to control air volume 
and hence the working air pressure. The temperature and humidity of the air are conn 
trolled. A capillary tube mercury manometer connected to the air circuit indicates the 
■pressure to the disc. 

volume of the original foam produced, expressed in seconds. The latter is 
a measure of the foam stability and is termed ‘'half -volume time.” : 

The half -volume time; The introduction of the half -volume time unit 
proved to be of value in the present study where the stability of a statics 
foam is to be compared with that of dynamic foam, and where the foams d<J 
not obey the same subsidence equation. The mathematicarequations to cab 
eulate the foam life proposed by Lederer (18), Bikerman (5) and Boss and 
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Clark (8, 35) are not applicable to milk at all temperatures. Figure 2 
shows tile rate of collapse of raw separated milk foam (0.03 per cent fat) 
at different temperatures (the time factor hi this figure is on a logarithmic 
scale). It is quite evident that no one formula can be used to calculate 
the average life of a bubble at all these temperatures. There is an apparent 
rest period for the separated milk foam before it starts to break down — after 
which the foam may either graduallv subside or explode partially or com- 
pletely. The ‘'half -volume time’’^ was found to be the best measurement 
for comparing these foams. It has the advantage over reading the foam 
height after a certain time interval, which has been used in research on milk 
foams (19, 22, 36) in that it shows the relative stability of foam that sub- 



Ti/77e^ seco/Jtf^ 

Fig. 2. The effect of temperature on the rate of collapse of raw skim (O.OS per 
cent fat) foam, 

sides completely before the time interval or remains unchanged after the 
chosen time. This measurement, however, has the disadvantage of being 
time-consuming and requires constant observation of the foam until it breaks 
to half its volume. In order to minimize this disadvantage and still get 
comparable results, an upper limit for the stability was set. This limit was 
selected as 3,000 seconds, Tvhieh is approximately the highest value obtained 
for milk and separated milk foams within the- limits of temperature (5 to 
55° C.) chosen in this study. The half-volume time of the samples studied 
at different temperatures seems to be independent of the foam height. This 
unit can be readily converted to Z, the average life of a foam bubble, in ease 

of logarithmic subsidence, using the equation time ^ 

2,303 log 2 

2 After completion of tliis work, a somewhat similar unit of measuring the foam 
stability was u-sed by F. Schultz (Trans. Faraday Soe. 38: 85-93, 1942) which is called 
^ ^ foam- time. ^ ^ An excellent account of this unit of foaminess is presented in his paper. 
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Other measurements. The surface tension ineasuremeiits were made by a 
Ceiico-dii-Noiiy interfacial tensiometer. The readings were made within one 
minute after the surface had been renewed by stirring. Viscosity deter- 
minations were made by the Ost-wald viscosimeter. For the determination 
of nitrogen a seini-iniero Kjeidahl distillation apparatus, described by 
Eedemann (33) was used, and 30 per cent hydrogen peroxide was added 
to aid the final oxidation. The pH values were checked with a quinhydroiie 
electrode using a saturated calomel cell and a gold electrode. 

ISOLATION OP MILK PROTEINS 

Casein. A survey of the literature (9, 16, 34, 43, 44, 46, 47) shows that 
there is no method available to separate casein from milk which would be 
suitable for physico-chemical studies, if the results are to be interpreted 
in terms of the casein as it exists in milk. Several attempts were made to 
devise a procedure for isolating casein w’-hich is very low in fat and in a 
non-denatured form. The following was found to be a very suitable pro- 
cedure: Eaw skim milk, separated at 32^^ C., cooled to room temperature, 
was passed twice through a. Sharpies supereentrifuge at 36,000 rpm. The 
milk fat content of the skim milk, as determined by the Babcock method was 
thus reduced from 0.015 per cent to 0.01 per cent to 0.00 per cent suc- 
cessively. The protein concentration decreased from 3.3 per cent to 2.8 per 
cent. The supercentrifuged skim milk was held overnight at 2^ C. and the 
casein was precipitated by adding 0.1 N HCl according to the recommenda- 
tions of Van Slyke and Baker (47). After complete sedimentation of the 
casein, the whey was filtered off by suction in a large Buchner funnel over 
filter paper. The casein then was washed thoroughly twice with cold dis- 
tilled water acidified with HCl to pH 4.6, and three more times with cold 
distilled water. The casein was filtered by suction after each washing, then 
the moist casein was spread out in a glass dish and placed in the ice room 
at -10° C. overnight. The frozen casein was then dehydrated with the aid 
of an electric fan. After three successive freezings and dehydrations, the 
semi-dry casein contained about 41.5 per cent total solids and 40.2 per cent 
protein. The fat content as determined by the Mojonnier method was 0,09 
per cent calculated on the dry basis. The casein obtained was in the form 
of white fluffy particles which were easily soluble in calcium hydroxide and 
had a very high foaming capacity. 

Calcium caseinate solutions were prepared according to Palmer’s method 
(27) with a slight modification. The casein was ground with sufficient 
calcium hydroxide powder to bring the solution to pH 6.6 (instead of pH 
8.0 and subsequent neutralization to pH 6.6 with phosphoric acid). The 
concentrated casein solutions (about 3.3 per cent) thus obtained were 
diluted with distilled water and phosphate buffer solution (Sorensen) to 
give the desired concentration. 
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Lactoglohtilm, Tiie laetogiobiilin fraction in separated milk is about 
15 grams per liter. It is obvioiislT desirable, tlierefore, to emipiloy some 
imple means of eoiieentratiiig tlie wliey before submitting it to procedures 
iivoMng salting out and dialysis. Palmer and Eicliardson (28) and Palmer 
'26), described a simple and safe method by which the whey was coneen- 
;rated by freemng. The concentrated whey (3:1) thus obtained was half- 
;atiirated with 18 grams of anhydrous sodium sulfate per 100 ml. of w^'hey 
nid left for eight hours to precipitate at room temperature (the brownish 
white precipitate concentrated at the surface of the container). The laeto- 
2 :lobiiliii was filtered, Avashed with half-saturated solution of sodium sulfate, 
dissolved in distilled -water, dialyzed against ice -water and then against 
3 per cent sodium chloride. The solution further eoiieeiitrated by per- 
vaporation (17), was stored in sterilized bottles at 2^ 0. and was used 
within 10 days of its preparation. The interference of the fat with the 
foaming of laetogiobiilin led to the use of siipereentrifiiged rennet whey or 
the acid wiiey obtained from siipereentrifiiged skim milk. It was found 
necessary also in some instances to extract the concentrated laetogiobiilin 
solution with hexane. 

Lacfalbnmifh The whey filtrate, after removing the globulin fraction, 
was warmed to 35 C. and sodium sulfate added to bring its final concentra- 
tion up to 36 grams salt per 100 ml. (26). The wdiite pi^ecipitate filtered 
off at 35° C. wus dissolved in distilled wnter and dialyzed against running 
W’ater at 2° C. until free from sulfate ion. The crystal clear lactalbumin 
solution W’as further concentrated by pervaporation and stored in a steril- 
ized bottle at 2° C. for use within 10 days of its preparation. According 
to reports by Pedersen (29), one can assume that the laetalbmnin thus ob- 
tained was composed of the a and [3 fractions. 

RESULTS 

Foaming Properfies of Casein 

Effect of concentration. The effect of a progressive increase in concen- 
tration of casein on the foaming stabilities of its solutions is shown in 
figure 3. In both the presence (2.7 per cent) and the comparative absence 
of fat (0.06 per cent dry basis), it is to be observed that with increasing con- 
centration of protein, the stability of the foam increases to a maximum then 
decreases again. The foam heights (50) on the contrary, were observed to 
reach a maxiinum value with no further decrease with increasing concen- 
trations. The surface tension decreases to a constant value. In these ex- 
periments, the pH of the solutions was kept at 6,6 by the use of a phosphate 
buffer. The zone of maximiini foam stability seems to be a function of the 
amount of fat present in the solution and the temperature at which the 
foaming properties are tested. Low temperature and low^ fat content favor 
the stability of ealeium caseinate foam. 
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Effect of temper aiure. Preliminary results indicated that the foam 
height, foam stability and surface tension of calcium caseinate solutions all 
decreased progressively as the temperature increased from 5 to 55*^ C. The 
greatest effect of temperature \Yas found to be on the stability of the foam. 
Casein prepared by the Hammarsten or Van Slyke and Baker methods did 
not give stable foams which might be due to partial denatiiration of the 
protein during the method of preparation. As an example, the half-voliinie 
time of the foams of 2.8 per cent calcium caseinate solution (Van Slyke 
and Baker methods) was 310 seconds at 5° C. and 13 seconds at 55° C. 
Casein prepared by Cohn and Hendry’s niethod contained 2.7 per cent fat 
on the dry basis (Mojoniiier). The foam stability of this casein was low due 
to the interference of fat; the half -volume time of 2.4: |)er cent calciiiiii 



Fig. 3. Tiie effect of concentration on the foam stahilities and surface tension of 
Ca caseinate solutions. 

caseinate, solution was about 220 seconds at 5° C. and 17 seconds at 55° C. 
It was also observed that elution of casein by Ansbaeher, Flanigan and 
Siipplee^s method (1) did not decrease the foaming capacity or the stability 
of the calcium caseinate solution. In some eases, an actual increase with 
the eluted casein was observed w^hieli was correlated with a decrease in the 
fat content of the casein. Figure 4 shows a sample of the results obtained. 

Calcium caseinate solutions prepared by the new method described in this 
paper from ultracentrifuged separated milk yield foams of greater capacity 
and stability (figure 5). Our data have showm that the surface tension of 
a 1.1 per cent calcium caseinate solution decreases only slightly with an 
increase in temperature (from 54.2 dynes at 5"^ C. to 50 dynes at 55° C.) 
and the foam heights are approximately proportional to the volume of |air 
introduced at all temperatures (50). The greatest change is observeclin 
the stability measurement, w^hich increases slightly with temperature U]| to 
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22® C., tlieii starts to decline slowly at jSrst up to 35° C., and rapidly after- 
wards to 55° 0. TMs great improvement in the stability of tlie foam is 
doubtless related to tlie lack of denatiiration of tlie protein as well as the 
low fat content of casein prepared by this method. 

Effect of fat. The addition of 0.015 per cent milk fat emulsion to the 
calcium caseinate solution decreases the foam height and the stability of the 



Fig. 4. Tlie effect of methods of preparing casein on the foam stabilities of caseinate 

solutions. 

foam to a marked extent. The reduction of the stability of the foam is 
greatest at temperatures above 15° C. as shown in figure 5. 

The fat emulsion "was prepared by emulsifying about 1 per cent milk fat 
ill dilute phosphate buffer at 60° C. followed by cooling in ice water. The 
emulsion showed marked stability due to the decrease of the fat/solution 
interfaeial tension by the salts.^ 

^See Harkins^ W. B., Some asjiects of surface chemistiy fundamental for biology, 
Jonr. Ghein. Physics.. 6: 171, 1938. 
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FOAMING QUALITIES OP LACTOGLOBULIN 

Effect of concentration. Laetogiobulins prepared from siiperceiitrifuged 
rennet wliey do not give stable foams. Tlie effect of increasing tlie laeto- 
globnlin concentration from 0.0001 to 0.75 per cent on tlie foam stability was 
tested at 25^ C. and 50° C. The results plotted in figure 6 indicate that 
the foaming capacity increases slightly with concentration at 25° C. The 
results obtained at 50° G. show that there is a subsequent decrease in foam 



Eio. 5. The foam stabilities of Ca caseinate solutions of casein prepared by the pres- 
ent method and the effect of adding milk fat emulsion. 

stability with an increase in concentration. The surface tension continues 
to decrease as the concentration increases. The foam stability follows the 
same pattern as that reported for calcium caseinate. On the whole, it is 
quite clear that iactoglobuliii has very poor foaming qualities. This may be 
attributed to the presence of a lipid material associated with its protein 
molecule (10, 24). 

Effect of temperature and fat content. Table 1 shows that 0.05 per cent 
lactoglobulin solutions (the concentration normally present in milk) do not 
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Fig. 6. The effect of concentration on the foam stabilities and surface tension of 
laetoglobiilin solutions. 


form stable foams at any temperature tested, when the solution contained 
about 0.006 per cent fat. As the fat content was decreased to 0.001 per cent 
by extracting the same solution twice with equal volumes of hexane, the 
foam height and the stability increase at all temperatures tested, the increase 
being greater at temperatures above 20*^ C. Laetoglobiilin solutions were 
prepared in phosphate buffer solutions at pH 6.6. 


THE FOAMING PROPERTIES OF LACTALBUMIN 

Effect of concentration. The effect of increasing the coiieentration of 
laetalbumin at 25° C. and 50° G. is illustrated in figure 7. As the concen- 
tration increases from 0 to 1 per cent the foam stabilities increase to niaxi- 
iiium values and remain unchanged (the foam heights were observed also to 
reach maximum values (50)). The surface tension continues to decrease 


TABLE 1 

Foaming properties of laetogJohuVm. JEfect of temperature mi 0.0o% lacioglohuUn 
solutions of different fat contents 


■0.05'% lactoglobulin precipitated once from 
rennet whey (0.0065% fat in the 
solution) 


Same globulin solution extracted twice 
with hexane (0.001% fat in the 
solution) 


Tempera- 

ture 

Surface 

tension 

Foam 

height 

i volume 
time 1 

Tempera- 

ture 

Surface 

tension 

Foam 

height 

i volume 
time 


dynes 

mm. 

sec. 

^C. 

dynes 

mm. 

sec. 

5.0 

54.4 

45 

5 

6 

49.0 

120 

20 

15.0 

51.6 

25 

5 

10 

49.1 

115 

19 

22.5 

49.4 

8 

2 

1 17 


100 

17 

32.0 

48.2 

40 

4 

20 

48.0 

120 

21 

43.0 

47.5 1 

190 

20 

32 

49.3 

220 

50 

52.0 

47.1 j 

260 

72 1 

40 

, 46.9 

^ 260 

380 
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to a minimiiiii value. It is of interest to note tiiat laetalbiimin is more 
surface-active with regard to foaming, at 50 "" C. than at 25^ C., as evidenced 
bv the fact that less protein concentration is required to support a stable 
form at the former temperature. 

Effect of temperature. The results illustrated in figure 8 show that a 
0.047 per cent laetalbumiii solution forms a much more stable foam than a 
corresponding concentration of lactoglobulin solution. The half-volume 
time increases with the rise of temperature from C. to 23® C. where it 
reaches the maximum limits set for this study and remains so up to 50® C. 
When the protein concentration is increased to 0.18 per cent, the foam sta- 
bility exceeds the limits at all temperatures. The foam volumes were found 
to be equal to the volume of air forced through the solutions (50). 



' per ce/7f 

Fig. 7. Tlie effect of eoneentration on tlie foam stabilities and surface tension of 
laetalbumiii solutions. 

Effect of fat. The effect of adding different amounts of milk fat emul- 
sion stabilized in dilute phosphate buffer is quite interesting — ^figure 8. The 
addition of 0.0005 per cent fat to a 0.05 per cent laetalbiimin solution de- 
creases the stability of the foam greatly at temperatures below 25® C, and 
to a less extent at 30.5® C. but has no effect above 38® C. When the fat 
content is further increased to 0.005 per cent in 0.42 per cent laetalbuinm 
solution, the reduction in the foaming properties is much greater at all 
temperatures. These changes are accompanied by a lower surface tension. 
A further increase of the fat content to 0.5 per cent in the 0.05 per cent 
lactalbumin solution, decreases the foam measurements (and surface tension 
(50)) to still lower limits. It is clear then that the foaming capacity of a 
lactalbumin solution is a function of the amount of fat present and the tem- 
peratures at which the foaming properties are measured. The inhibiting 
effect of milk fat is reduced at temperatures above its melting-point. The 
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next experiments were designed to study the effect of increasing the albumin 
content in a solution, the foaming properties of which were greatly inhibited 
by the presence of a relatively high fat concentration. As shown in figure 8, 
increasing the concentration of albumin from 0.05 to 0.5 per cent in a solu- 
tion containing 0.5 per cent milk fat improves the stability of the foam only 
slightly at temperatures below 39° C. but to a great extent above that tein- 



PlG. 8. Tlie foam stabilities of lactalbumin soiutious with different amounts of milk 
fat emnision added. 

peratnre. The surface tension values are about the same in both solutions 
(47.3-47.0 dynes respectively (50)). 

DISCUSSION 

The experimental results have shown that the foaming properties of 
solutions containing surface-active constituents of milk vary markedly with 
a mmber of factors depending on the chemical nature and the amount of 
materials present in the solution, and the physical conditions under which 
the measurements are obtained. The variations in the foaming properties 
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of milk proteins can be discussed best if only tiie stability of tbe foam is 
eonsideredj since in some instances the foam beigiits are equal wliile the 
stabilities are quite different. 

Tlie effect of increasing* tlie eoneentratioii of ealeiuin caseinate or lacto- 
giobulin in buffered solutions at jiH 6.6 i^esuits in a progresswe increase 
in the foam stability to a maximum followed by a subsequent decrease. Tbe 
latter decrease is not noticed in the case of lactalbuinin solutions up to 1 
per cent concentration. The explanation of these facts cannot be based on 
changes of surface tension^ or viscosity, a conclusion which has been reached 
by several investigators (11, 23, 30, 49). The same phenomenon of the rela- 
tion of coiiceutration to the foam stability, observed bj^ Bartsch (2) on 
simple organic eonix3oiiiids, was explained on the houiidary heterogeneity 
theory. Thus, the foam stability increases when the air/soliitioii interface 
becomes heterogeneous with res|)ect to the solvent and the solute (a condition 
•which is not present in very dilute or concentrated solutions). Talmud (45) 
relates the maximum foam stability to the concentration that allows for 
maximal hydration at the interface. At the optimum concentration the 
organic molecules are oriented, inclining at a certain angle to the surface 
and interlacing with each other to form a kind of gel structure or a film 
with the highest tensile strength. Therefore, in order to discuss the stability 
of protein foams, consideration should be given to the micellar size, solu- 
bility, orientation, and the degree of hydration, when such information is 
available. Lactalbumin, being highly soluble in water and having a low 
molecular weight (17,500--39,000) (29) might well be placed with the soluble 
compounds in Bartsch ^s classification of the foaming substances (2). On 
the other hand, casein and lactoglobulin with a low solubility in water and 
with high micellar weights (average 87,000 and 140,000 respectively) (29) 
may be placed with insoluble substances in the same classification. 

The effect of temperature on the foam stability of milk protein solutions 
may he explained on the same principle; lp., there is an optimum molecular 
size and degree of hydration that permits the formation of a lamella which 
has a high tensile strength. For example, a solution of calcium caseinate 
(figure 5) forms a foam that has a half -volume time of approximately 1520 
seconds at 22° C. and 90 seconds at 55° C. This rapid decrease in foam sta- 
bility at temperatures above 35° C. can be correlated with the fact observed 
by Svedberg, Carpenter and Carpenter (44) that the micellar size of calcium 
caseinate is doubled by warming its solution to 40° C. These authors believe 
that the heating causes a polymerization or association of the molecules to 
form larger aggregates. Such an increase in size along with the dehydra- 
tion of casein upon heating (23, 48) would seem to be among the important 

4 K. Gr. A. Parkhurst, ia a recent paper (Trans. Paraday Soe., 37 : 496-505, 1941) , 
stated that it is not low surface tension per se that ensures foam stability but the nature 
of the adsorbed layer giving rise to the lowering of surface tension. 
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factors responsible for the' decrease of foam stability of a calcium casemate 
solution beated to 55° G. Further evidence on tlie importance of the particle 
size of calciiiiix caseinate to the foam stability of its solution can be obtained 
from correlating* the findings of Carpenter (7) with the foam stability 
obtained in this study. According* to Carpenter, the iiioleeiilar weight of 
casein in a 1.5 per cent solution is 96,000 at pH 6.8 (M/60 phosphate buffer) , 
but on dilution to less than 0.7 per cent, the micelle dissociates to one-third 
the initial weight, namely 32,000. This dissociation is completely reversible 
and thus confirms Sorenson’s conception (41, 42) of a protein as a complex 
undergoing reversible association and dissociation. This decrease in 
micellar size on dilution is accompanied by changes in physical properties, 
as for example, an increase in siDeeific rotation. The foam stability of dif- 
ferent concentrations shown in figure 3 indicates that as the micellar weight 
of ealeium caseinate decreases by dilution, the foam stability increases. 
For example, at 50° C. the half -volume times are 630 and 1370 seconds, 
corresponding to concentrations of 1.0 and 0.1 per cent respectively. At a 
concentration of 0.05 per cent, a ealeium caseinate solution (prepared from 
unaltered casein) gives an apparently clear solution that has about the same 
miceiiar size (7) and foam stability as a 0.05 per cent lactalbumin solution. 
Likewise, sodium caseinate appears to have a smaller micellar size than 
calcium caseinate (43b) and the results, not reported in this paper, show 
that it has higher foam stability. 

It is quite important to note that none of the casein solutions, at concen- 
trations above 0.5 per cent, supports a stable foam at temperatures above 
43° C., where the skim milk forms a very stable foam. 

No data are available on the changes of particle weight or the degree of 
hydration of iactalbumm or laetoglobulin as the temperature is increased 
from 5 to 55 ° C. The facts reported in table 1 and figure 8 indicate that both 
protein solutions have greater stability at higher temperatures and, by 
analogy, it may be reasoned that the conditions favorable for forming 
lamellae with higher tensile strength and greater stability are better fulfilled 
at these temperatures. One of the present trends of thought in protein 
chemistry (21) suggests that the larger protein molecules consist of small 
primary protein units linked into a secondary structure by means of carbo- 
hydrate, phospholipid, micleic acid or polyvalent inorganic ions, and that 
these units are subject to association and dissociation under different con- 
ditions (7, 21, 41, 42). It may be of value to consider the foaming stability 
as one of the physical properties that reflects such an association and dis- 
sociation as pointed out in discussing the foaming properties of calcium 
caseinate solutions. 

The effect of adding small amounts of milk fat emulsion in phosphate 
buffer to milk protein solutions is quite interesting. The data indicate that 
the foam stabilities of lactalbumin solutions are reduced to a greater extent 
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by tlie fat at temperatures below tlie melting point of the milk fat (figure 8). 
The reverse is observed in calcium caseinate solutions (figure 5). A 0.05 per 
cent lactogiobiilin solution does not give a stable foam in the presence of as 
little as 0.0065 per cent fat, yet the stability of the foam is greater at teni” 
peratures beyond the melting point of milk fat (table 1). The action of 
milk fat on the foaming properties will be discussed in a later paper. 

SUMMARY 

An apparatus is described for accurate measurements of the foaming 
properties of milk. Experimental data have revealed that the subsidence of 
skim milk foams cannot be defined by a single equation at temperatures be- 
tween 5 and 55° C. For this i^eason, a unit called a “half -volume time’^ has 
been proposed and used to compare the stabilities of static and dynamic 
foams. The unit can be converted by a given equation to give average life 
of a foam bubble, if the foam follows a logarithmic subsidence. 

The major surface-active proteins of iniLk, including casein, a-p-laet- 
albumiii and lactogiobiilin, have been separated, purified and studied for 
their foaming properties. A new iirocedure for isolating undenatured 
casein with a lipid content as low as 0.06 per cent has been introduced. The 
method is based on super-centrifuging skim milk, precipitating the casein 
at a low temperature with 0.1 N HCl, washing, freezing, and dehydrating 
the frozen casein by pervaporation. 

The foam “half -volume time’’ values of milk protein solutions in M/30 
phosphate buffers at the normal hydrogen ion concentration of milk varied 
between 2 and 3000 seconds (or over), depending upon the kind of protein, 
concentration, method of isolating the protein, temperatures, and the amount 
of milk lipids present in association wfith the protein molecule or added in 
the form of an emulsion to the solution. Studies of these variables are 
reported and some theoretical explanations advanced. 

It is shown that calcium caseinate solutions of a concentration equivalent 
to that of milk and prepared by the present procedure have high foam 
stabilities at temperatures below 40° C. Lactalbiimin solutions foam well 
at all temperatures, but lactogiobiilin solutions show no appreciable foaming. 
The foam depressing action of milk fat is shown to be greater at tempera- 
tures over 15° C. with calcium caseinate solutions and at temperatures lower 
than 35° C. wuth lactalbiimin solutions. 
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THE ROLE OP SURFACE-ACTIVE CONSTITUENTS INVOLVED IN 
THE FOAMING OP mLK AND CERTAIN MILK PRODUCTS. 

II. WHEY, SKIMMED MILK, AND THEIR 
COUNTERPARTS 

M. S. EL-EAFEYi and G. A. EICHAEDSOY 
Division of Dairy Industry, College of Agriculture, Vniversity 
of California, Davis 

EEVIEW OF LITERATURE 

Tile foaming properties of some milk products represent a unique coL 
loidal phenomenon ; that is, the foam stability decreases to a minimum, as 
the temperature increases, after which it again increases. The first report 
on the effect of temperature was made by Siedel (22). He found that the 
quantity of foam depends on the temperature of the milk and that the nature 
of the foam at low temperature is different from that at high temperature. 
SiedeUs studies did not go beyond 35° C., but he noticed an inflection in the 
stability of the foam. Leete (11) and Sanmami and Riiehe (18) studied 
the effect of temperature on milk foam. Separated milk and milk foamed 
least between 20 and 30° C. according to the former, and at 27° C. according 
to the latter. Both iiiyestigators agreed on the increase in the foam at tem- 
peratures beyond 30° C. but disagreed on the temperature at which the 
maximum foaming appeared. 

There has been considerable speculation as to the cause of this minimum 
foaming ability of milk. Rahn and Sharp (15) raised the question whether 
these kinks in the foam-temperature curve indicate the presence of a spe- 
cific foam-producing material or of a stabilizing substance in the foam. 
Ansbaeher and co-workers (1) reported that the foam-producing substance 
eluted from casein showed a critical agglomeration at the temperature of the 
minimum foaming. They did not present data regarding the foaming sta- 
bility of this highly foaming constituent of milk. Levitoii and Leighton 
(12) tried to explain this kink on the basis of the work of King (10), who 
showed that the portion of the surface of milk covered witli a film of fat in- 
creased with a rise in temperature from 10 to 20° C. They postulated that 
the decrease in the foaming power might be explained on the basis of the 
increase in the tendency of the fat to spread as the temperature rose. No 
comment was made on the further increase of foam formation with increas- 
ing temperature. 

Holm (9) explained the minimum foaming of milk as a result of varia- 
tion in those properties of the solution which evidence themselves in viscosity 

Eeeeived for publication May 29 , 1943 . 
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changes. Davies (3) considered that the range from 20 to 30° C. represents 
conditions in which hydration is practically nil and the stabilizing factors, 
ie., the decrease in surface tension and deiiaturation of the proteins, have 
not eonie into play, Ansbaeher ct al. ( 1 ), however, found that the viscosity 
of their foam material was the same as that of water. 

The authors are not aware of any published work on the foaming proper- 
ties of whey. 

In a previous paper (5a) the authors reviewed the existing controversy 
as to the foaming constituents in milk. Using the half -volume time” for 
measuring the foam stabilities of the major milk proteins, it was found 
that calciinn caseinate solutions have high foam stabilities at certain con- 
centrations at temperatures below 40 ° C. ; lactalbnmin solutions foam well 
at all temperatures, but lactoglobiilin solutions show no appreciable foaming 
properties. Poani-clepressing action of milk fat was found to be greater at 
higher temperatures with calcinm caseinate solutions, and at lower tempera- 
tures with lactalbiiinin solutions. 

The present work deals with the preparation of synthetic whey and 
separated milk by combining the milk protein fractions in an attempt to 
duplicate the foaming properties of these products. As a result an explana- 
tion of the effect of heat on the foaming properties of whey, separated milk 
and milk is offered. 

EXPERIMENTAL 

The foam measuring apparatus, technique, and other methods used have 
been described in a previous paper (5a). Separated milk and rennet whey 
used in this work were obtained fi*om the University Farm Creamery. The 
foaming properties of the solutions studied were compared at different tem- 
peratures between 5 and 55° C. 

The foaming properties of tvhey and synthetic whey. The variation of 
the foam stabilities of various wheys with temperature is shown in figure 1. 
As the temperature increases from 5 to 55° C. the foam stability of the 
ordinary rennet whey (0.035 per cent fat) decreases to a miniimim value 
between 22 and 32° C. and is followed by an enormous increase at higher 
temperatures. On combining solutions of lactalbiiinin and laetoglobulin 
separated from this whey, to give concentrations of 0.61 per cent and 0.05 
per cent respectively in a phosphate buffer of the same pH as the whey, the 
foaming properties ivere found to be practically the same as the original 
whey. The type and general characteristics of the foam at low temperatures 
were identical with those of laetoglobulin solutions; those at temperatures 
above 32° C. resembled laetalbumin solutions. 

In ordei* to reduce the fat content of the whey and of the laetalbumin 
and laetoglobulin separated from it without the use of fat solvents the whey 
was siipercentrifuged. The fat content of the whey was thereby decreased 
from 0.04 per cent to about 0.0001 per cent, and the protein decreased by 
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0.02 per cent. Tlie foaming properties were greatly improved. A similar 
improvement in the foam height and stability were obtained with acid whey 
prepared from super centrifuged skim milk (5b). 

Solutions of lactalbiimin and laetogiobiiiin (prepared from snpereeiitri- 
fnged whey), when combined to give the same concentration as in whey, 
give essentially the same foaming properties as the snpereentrifnged whey 
itself (figure 1). 



Fig. 1. The foam stabilities of whey with different fat concentrations and theii* 
dnplieatioiL with lactalbumin solutions with fat or lactoglobulin added. 

In a former paper (5a) it was shown that laetalbnmin solutions (0.10 per 
cent or over) give stable foams represented by half -volume times greater 
than 3000 seconds at all temperatures. The present data indicate that the 
presence of lactoglobulin (from snpereentrifnged whey) in a 0.4 per cent 
laetalbnmin solntion reduces the foam stability of the latter at lower tem- 
peratures to about 10 per cent of its original value. The addition of a milk 
fat emulsion in phosphate buffer to a lactalbumin solution (ratio 1 : 100 in 
solution), however, is shown to have an effect similar to the lactoglobulin. 
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On the other hand, when laetoglobulin, separated from ordinary rennet 
whey (0.035 per cent fat) is added to a 0.61 per cent laetalbiimin solution, 
the foam stability of the latter is greatly reduced at the lower temperatures. 
The mixture has about the same foam stability as the original whey. The 
further reduction in this ease undoubtedly is due to the presence of fat 
in the isolated iactogiobiilin. 

The foaming properties of separated milk. Eaw separated milk (0.01 
per cent fat by Babcock test) obtained from mixed herd milk forms a rela- 



Hig. 2. The foam stabilities of skim milks with different fat content and their 
duplication with Ga caseinate -f lactalbumin with and without milk fat added. 

tively high stable foam at 5^^ C. , On increasing the temperature to 25° C., 
both the foaming capacity and the half -volume time of the foam are reduced 
from 200 mm. and 429 seconds to 170 mm. and 21 seconds respectively. By 
increasing the temperature to 55° C. the foaming properties are improved 
again until a second maximiini, much higher than the first, is reached 
(figure 2). The type of the foam changes also with the increase in tempera- 
ture; that is, from relatively large and loose, to small, compact foam cells. 
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Tlie effect of decreasing the fat content by passing the separated milk 
through a Sharpies Snpercentrifiige (B6,P00 rpm.) is shown in figure 2. 
As the fat content decreased from 0.015 to practically zero per cent (Bab- 
cock test); the skim milk showed remarkable foaming properties at all tem- 
peratures. The half -volume time of the foam at 27° C. increased from about 
37 seconds (original) to about 2800 seconds (super-skimmed). There is no 
minimum foaming of supereentrifuged skim milk, w^hich indicates that the 



Fig. 3 . The effect of adding fat emulsion on the foaming properties of ^ ' horse blood 
serum. ^ ’ 


tendency of ordinary separator milk to give minimum foam values at room 
temperature is due to the presence of the fat globules. 

Effect of adding fat emulsion to Mood serum. To confirm further that 
the minimum foaming of separated milk is mainly due to the presence of fat 
globules, horse blood serum, obtained by defibrinating fresh blood with glass 
beads, was tested for foaming properties before and after the addition of 
a 0.15 per cent milk fat emulsion in phosphate buffer. The results reported 
in figure 3 show that the ‘‘half -volume time’’ is reduced by the presence 
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of fat from over 3^000 to 4 seconds at room temperature. Fiirtlier increases 
or decreases in temperature improve botli tlie foaming capacity and stability. 

Comparison of the separated milk and udiey foams. In comparing tlie 
foam-temperature curves of the separated iiiilh (figure 2) and whey (figure 
1) ill the presence and absence of fat, it becomes eAudeiit that skim milk has a 
relatively’' higher foam stability in the temperature range from 5 to 35^ C. 
than the corresponding whey. The main difference in the chemical composi- 
tion of the skim milk as compared with the w’-hey lies in the absence of casein 
from the latter. Therefore, it is reasonable to assume that the presence of 
ealciiiin caseinate aeeoxmts for the greater stability of skim milk foam at 
lower temperatures. 

Foaming of a reconstructed separated milk. On the basis of the previous 
findings that the constituents responsible for the foaming of the whey are 
lactalbimiin and a lipid fraction, it was anticipated that by adding noii- 


TABLE 1 

The effect of the addition of 0.05 per cent lactoglohulin'^ on the foaming properties of a 
1.1 per cent calchim caseinate (0.09 per cent fat, dry basis) solution 


Tempera- 

ture 

Surface tension 

Foam height 

Half -volume time 

Calcium | 
caseinate j 

Ga caseinate 
plus laeto- 
globnlin 

Calcium 

caseinate 

Ca caseinate 
plus laeto- 
globulin 

Calcium j 
caseinate 

Oa caseinate 
plus laeto- 
globulin 


dynesjem. 

dynes/cm. 

■mm. ! 

■mm. 

sec. 

sec. 

5 

54.2 

54.6 

201 

200 

935 

850 

15 

53.7 

52.8 

213 

215 

1170 

1030 

25 

51.0 

51.6 

220 

218 

1500 

1525 

as 

51.0 

50.6 

247 

! 241 

950 

595 

45 

50.2 ' 

49.4 

245 

1 235 

423 

182 


* Prepared from twice siipereentrifuged sMm milk. 


denatured calcium casemate to these U\o constituents a solution would be 
obtained having the foaming properties of skim milk. The results obtained 
and shown in figure 2 confirmed that idea. It is possible to get an approxi- 
mate duplication of the foaming characteristics of skim milk (0.01 per cent 
fat) with a solution eontaining 1.1 per cent ealeium caseinate, 0.5 per cent 
lactalbuinin, and 0.01 per cent milk fat emulsion in phosphate buffer. The 
increase observed in the foam stability of the synthesized solution can be 
accounted for by the absence of the phospholipid fraction which normally 
surrounds the fat globnies. The effect of the fat globule membrane in deter- 
mining the depressing action of the fat on the foam was previously studied 
(5). A buffered solution (pH 6.6) of 1.1 per cent calcium caseinate and 
0.5 pel' cent lactalbumiii gives approximately the same foam stabilities as the 
supereentrifuged skim milk ( 0.00 per cent fat by the Babcock test). Both 
the reconstituted and the supereentrifuged skim milk form foams of remark- 
able stability at all temperatures. The half -volume times'’ of the foams 
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Table 1 shows that the aclclition of 0.05 per cent iaetogiobiiliii to a ealeiiim 
caseinate solution does not change the foaming properties of ealeiiim casein- 
ate appreeiablv except at the higher temperatures at which the fat is liquid. 
The lower foam stability of the mixture at 35'^ and 45*^ C. is to be expected 
ill view of the additional lipid material contributed by the lactoglobnlin. 

From these results it is concluded that the foaming properties of skim 
milk are due to the presence of calcium casemate, lactalbiiniiii and milk fat, 
A solution containing 0.6 per cent lactalbiimiii, 0.05 per cent lactogiobuliii, 
and 2.7 per cent calcium casemate (which is prepared from casein extracted 
with hot alcohol, ether and dried) however, does not have the same foaming 
properties as skim milk (Table 2). The results support the belief that the 
physical properties of the casein treated with alcohol and ether are altered. 

TABLE 2 

Foaming properties of sgnthetic solutions containing casein which has heen treated with 
alcohol and ether ^ in comparison to shim milh 



30'= 

C. 

o 

CO 

0 . 

55° C. 

No. Sample 

Foam 

height 

^ volume 
time 

Foam 

height 

•I volume 
time 

Foam 

height 

i volume 
time 

1. 2.7% Ca caseinate so- 
lution (casein ex- 
tracted with alcohol 

mm. 

sec. 

mm. 

sec. 

mm. 

sec. 

and ether and dried) 
2. 2.8% Ca caseinate i 

from casein No. 1, 
plus 0.6% laetal- 
humin and 0.05% 
lactoglobulin in so- 

182 

49 

190 

16 

160 

13 

lution 

3. Skim milk -f 0.018% 

140 

18 

150 

17 

205 

54 

fat 

170 

22 

240 

400 

260 

2005 


The relation of ag glut ini to the foaming of separated milK Sharp 
and Kriikovsky (19) attributed the high foaming properties of skim milk 
separated at 50° C. to the presence of an aggiiitinin and the poor foaming 
of that separated at 5° 0. to the absence of agglutinin. This work is not in 
agreement with the present findings that caleiuni caseinate and lactalbumin 
are the chief foaming proteins in skim milk. Consequently, their work was 
repeated with the hope of finding the reason for such a difference in the 
foaming of separated milk obtained at 5° C. and 50° C. 

Preliminary results obtained by separating raw milk at 5° C. and 32° C. 
indicated that the skim milk samples separated at 5° C. behaved abnormally 
mth regard to the foaming properties ; that is, the stability of the foam was 
reduced at 5° C. and at 55° C., but was increased at room temperature. 
Further research revealed that the resulting complications arose from two 
factors : 1) a slight development of rancidity which is probably due to centri- 



TABIiB 3 

Effect of the temyerainre. of separation on the foaming ahiUh/ of the reco7nMned mUks 
4.25 x)er eent pasteurized milk separated at two temperatiireS'—at 5® G. (Bkim milk 0.11 per cent fat and 22.6 per cent cream) and at 53° 
0. (skim milk ,015 per cent fat and 23.5 per cent cream). All tlie x>ossible combinations of 4,25 x^er cent milks were x^i’opared— the foaming 
X>roperties of tlie original raw milk and tlie skim milks were tested at 3 different temx^oratures. 
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(2) Pasteurized milk 0 17.0 16.5 16,0 

(6) 53° 0. skim + 53° a cream 0 15,0 14.75 14.71 

(7) 53° 7. skim + 5° a cream 0 15.0 15.0 14,5 

(8) 53° G. skim + 5° C. cream 0 18.0 17.0 16.5 

(9) 5° G. skim + 53° G. cream 0 3.5 6.5 8.0 
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fiigiiig milk at low temperatures r 2) the higher fat content in the skim milk 
due to inefficient separation at low temperatures. 

The data on the effect of rancidity and homogenization on milk foam will 
be reported in a later paper. Our results show' that a slight development 
of rancidity results in a marked decrease in the stability of milk foam at 
5° and 50° C., while it increases the foam stability at temperatures between 
10 and 30° C.’ 

According to these facts, the assumption was made that if the work of 
Sharp and Krukovsky w^ere to be repeated wnth pasteurized milk (61.5° C. 
for 30 minutes) and the fat were to be increased to correspond to that sepa- 
rated at low' temperature, then both skim milks w'oiild have the same foaming 
properties. The assumption was borne out by the experimental results 
reported in table 3. 

These facts do not exclude the possibility of the presence of an agglutinin 
in milk because the measurements obtained on the cream volume of reconsti- 
tuted milks agree with the results of Sharp and Krukovsky. However, the 
data indicate clearly that the agglutinin is not one of the constituents which 
determine the foaming properties of milk. 

DISCUSSION 

The data presented in figure 1 show the similarity in the foaming proper- 
ties of whey and synthetic solutions containing laetalbumin and lactoglobu- 
lin in their normal concentration. They show' also that the addition of small 
ainoiiiits of milk fat to laetalbumin solutions gives foaming properties simi- 
lar to w'hey. In other words, the reduction in the foam stability of lactal- 
bumin solutions that results from adding lactoglobulin is probably due to the 
presence of small amounts of fat associated wdth lactoglobulin. Therefore, 
it is reasonable to conclude that laetalbumin and milk fat are the major con- 
stituents that determine the foaming properties of whey. 

In figure 2 it is showm that the minimum foaming of separated milk at 
room temperature is due to the presence of fat in the separated milk. When 
the fat globules were largely removed by passing that separated milk through 
a supercentrifuge, it showed about the same foaming properties at all tem- 
peratures tested- It has been shown also that the essential foaming charac- 
teristics of superceiitrifuged skim milk can be duplicated with a solution of 
calcium caseinate plus laetalbumin, and that the addition of 0.01 per cent 
milk fat to this solution decreases its foam stability to a minimum at 27° C. 
Similar observations on horse blood serum are reported in figure 3. These 
results are taken to indicate that the presence of fat globules in biological 

2 Sharp and Tomasi (21), and Doan (4) have also reported on the development of 
rancidity in samples separated at low temperatures and pointed out that the action of 
centrifugal separation is somewhat similar to homogenization in that it stimulates 
hydrolysis of the fat in the resnlting cream. 
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fluids reduces tlieir foaming properties to a great extent at certain tempera- 
tures, a fact iriiieli may prove of value in testing for lipeinia. 

To explain the foaming properties of skim milk or milk, v'e are led to the 
belief that calcium caseinate is the foaming substance of milk at low tem- 
peratures, while iaetalbiiiniu is the substance eoiitribiiting to the foam at 
temperatures above the melting point of milk fat. This eonciiision is' sup- 
ported l\v the experimental data pre-sented and deduced from the following 
eoiisicleratioiis. 

(a) A ealciiini caseinate solution does not form a stable foam at tempera- 
tures above 21^ G. in the presence of 0.015 per cent fat (5a), At 50° C. the 
^^lialf-voliime tmie” of such a solution is of the order of 20 seconds, while 
that of the ordinary skim milk or milk is over 1,000 seconds. 

(b) A laetalbiimin solution in the presence of 0.005 per cent fat does not 
form a >stable foam at temperatures below 34° C. but forms a stable foam at 
higher temperatures corresponding to those of milk and of skim milk (5a). 


TABLE 4 


y"o. of times 


Protein 

tlnougli 

separator 

Sample 

Total 

Casein 

i Heat 

j coagnlable 

Non-lieat 

coagnlable 



70 

% 

I % 

% 

9 

Original milk 

3.89 

3.05 

1 0.40 

0.44 


Foam 

4.19 

3.35 

1 0.40 

0.44 


1 Difference 

0.30 

0.30 

j 0.0 

0.0 

5 

I Original iniik 

3.69 

2.89 

! 0.37 

0.43 


; Foam 

; 4.00 

1 3.20 

: 0.35 

0.45 


Difference 

0.31 

1 0.31 

I - 0.02 

+ 0.02 

8 

1 Original milk 

3.57 

1 2.77 

i 0.37 

1 0.43 


Foam 

3.82 

i 3.00 

! 0.39 

I 0.43 


Difference 

0.25 

1 0.23 

1 0.02 

1 0.0 


(c) On mixing solutions of calcium caseinate and lactalbumin with or 
without the addition of fat, the essential characteristics of the foaming prop- 
erties of the corresponding separated milk can be duplicated (figure 2). On 
the other hand, the addition of laetoglobulin to a ealeium caseinate solution 
does not alter the foaming properties of the latter to any great extent 
(table 1). 

(d) At temperatures below' 30° C.j skim milk gives a more stable foam 
than the acid or rennet wheys separated from it. This is due to the absence 
of ealeium caseinate from the whey. 

The conclusion is contrary to the prevailing ideas in the dairy field, but 
it is further justified by the data of other %vorkers. Sharp, Myers and 
Guthrie (20) investigated the accumulation of protein in the foam of skim 
milk and came to the conclusion that ‘Hhere is no preferential aecimiulation 
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of any major protein fraction in tlie foam.’’ Table 4, compiled from their 
data, indicates that there is a preferential adsorption of casein in the foam 
at 10° C. which is in complete agreement with the present coiieliision. 

The preferential adsorption of the substance having the highest surface 
activity at the air solution interface is in accord with thermodynamical prin- 
ciples and has been reported by many investigators (2, 6, 7, 8, 16, 23, 24). 
Other workers have found this principle useful in biochemical studies (13, 
14). 

Aiisbacher, Flanigan and Siipplee (1) elnted eommereial casein with 
sodium chloride and claimed that they obtained the foaming substances from 
casein, since the eluted casein did not foam appreciably. The.v did not, 
however, present data on this foaming substance or of the casein before and 
after elution. In a previous paper (5a) we showed that when casein is 
eluted with 4 per cent NaCl at pH 4.2, the foaming properties of the calcium 
casemate prepared were not reduced. Considering that casein at its isoelec- 
tric point is soluble in 0.115 N NaCl solutions to the extent of 3.46 gm. per 
liter (17) and that casein has its maximum foaming capacity at a concentra- 
tion of about 0.05 per cent, the complications in the studies of these workers 
may be realized. 

Another attempt to assign the foaming properties of separated milk to a 
minor fraction of its proteins has been reported recently by Sharp and 
Krukovsky (19). These workers reported two paradoxical ideas; while they 
did not think that less efficient separation and consequently higher fat con- 
tent in the skim milk separated at low temperature was the cause of its poor 
foaming properties, they reported that when this separated milk was ex- 
tracted with petroleum ether its foaming properties then approached those 
of the high temperature separated milk. This result w’oiild seem to indicate 
the presence of an ant i~f earner (lipoid) prior to extraction but not the 
absence of an agglutinin. Our results show the ‘^agglutinin” is not impor- 
tant in the foaming of separated milk. 

SUMMARY 

Synthetic solutions of milk proteins and fat have been prepared which 
duplicate the essential foaming eharaeteristies of whey and skim milk. 
Laetalbiiinin and milk fat were found to be the constituents that influence 
the f oaming of whey. The constituents in milk or skim milk that determine 
its foaming properties are shown to be calcium caseinate, milk fat and laetal- 
biimin. It is considered that ealeiim caseinate is preferentially adsorbed 
at the air/liqiiid interface at temperatures below the melting point of milk 
fat, lactalbiimiii being adsorbed at higher temperatures. The presence of 
milk fat globules is shown to be responsible for the minimum foaming of 
separated milk at certain temperatures. The addition of milk fat emulsion 
to blood serum brings about a minimum foaming at room temperatures. 
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n^ioiis \Tork 'wliieli is nut in a^i'reeineiit with tlie present eoiieliisioii is 
ilyzed in the Tight of tJie pi'esent studies. 
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A STUDY OP METHODS OF OBTAINING MILK SAMPLES FOR 
ESTIMATING JIILK FAT BY THE MOJOXNIBR 
METHOD 


ERNEST 0. HEEEBID and CHARLES HARlIONi 
Vermont Agricultural Experiment Station^ 

Wide differences in tiie amounts of milk fat were obtained from some 
samples of tlie same milk by tlie Babcock and by the Mojoniiier methods. An 
examination of the data revealed that the method of weighing the samples 
of milk and of transferring them into the extraction flask by the Mojoniiier 
method was responsible for these abnormal variations. 

Though not recognized as official, the ]\Iojonnier method is used exten- 
sively in dairy laboratories in this country instead of the Roese-Gottlieb 
method (1). Some essential details of the technic for obtaining the sample 
of milk are lacking in the Roese-Gottlieb method (1) and three different teeh- 
iiics are used in the Mojonnier procedure (3, 4). 

The writers Avere tillable to find any data in the literature on this subject, 
except a statement by Dahlberg, Holm and Troy (2) Avhich is quoted. ^Ht 
Avas thought that the measuring of samples AAmild introduce slight errors and 
that fat might rise in the Aveighiiig pipette during the time required for 
Aveighing to such an extent that extra rich milk might remain in the pipette 
after the sample Aras delivered. Both practices AA'ere diseoiitiniied. After 
the samples had been heated and mixed nntil they appeared homogeneous, 
the milk required for one analysis Avas quickly poured out and weighed. The 
samples AA^ere Aveighed directly into the Mojonnier tubes at one laboratory, 
and at the other, they were weiglied into small 25-ce. flasi^s and transferred 
to Rohrig tubes, using all of the chemicals used in the test to rinse out the 
flasks. ’’ Therefore it was deemed adAusable to compare the different methods 
of transferring and of Aveighing samples of milk into Mojonnier extraction 
flasks. 

PROCEDURE 

The milk samples were heated to 35 to 37.5*^ G. in a water bath at 41,5 to 
43° G., and^ mixed by pouring three times from one container to another. 
The pipettes -ill all three methods were filled so that the bottom of the menisci 
Axere leA^el Avith the mark on the draw tubes. Each pii>ette delivered slightly 
less than 10 grams of milk at 35-37.5° C. 

In method one, four pipettes were filled, the milk sample being poured 
once into another container between the filling of each pipette. As each 

Eeeeived for jrablication. May 31, 1943. 

^ K'ow a Lieutenant in tbe IT. S. Army Air Corps. 

2 Published with tlie approval of the Director of the Vermont Agricultural Experi- 
ment Station. 
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pipette ivas filled, it was piaeed on a holder and the holder with the filled 
pipettes was placed on the balance pan. When the total 'weight was ob- 
tained. pipette number 1 was emptied into extraction flask number 1 and 
allowed to drain for 10 to 15 seconds. This empty pixiette was again placed 
on the iiolder and the weight of milk delivered into the flask was obtained by 
difference. This procedure was repeated to obtain the tveight of milk deliv- 
ered by pipettes luiiiiher 2, 3 and 4 into each of three extraction flasks that 
iTere similarly niiiiibered. The weight of the four pipettes full of milk and 
the weighing stand is about 112.5 grams. 

Ill method two, a charge of milk, using pipette niiiiiber 1, tvas obtained 
from the sample, transferred immediately to a fared extraction flask, allowed 
to d.raii:i for 10 to 15 seconds after tlie flow had ceased and weighed. This 
was dmie in duplicate on eaeli sample. The weight of the flask and charge 
«jf milk is about 76.1 grams. 

Ill method three, a charge from the milk sample, with pipette iimiiber 1, 
was transferred voliimetrically to an extraction flask and allowed to drain 
for 10 to 15 seconds after the flow had ceased. This was done in duplicate 
on eafdi sample. In recording the results it is assumed that the pipette 
delivered 10 grams of milk. 

Composite milk samples preserved with bichloride of mercury were 
obtained from two nearby milk plants and were sampled and transferred by 
methods one and two and estimated for milk fat. These plants are desig- 
nated A and B. Plant A had excellent facilities for storing the composites 
during the bi-rnontlfly period. They were kept constantly in a refrigerated 
eompartiiient at 10° C. or lower. At the end of the bi-niontlily period the 
samples were free of mold growth and in excellent physical condition. 
Plant B did not have such good facilities. The preserved milk composites 
were heavily eontaniiiiated with mold at the end of the bi-nioiitlily period 
and tlie fat eiiiiiLsion showed varying degrees of destabilization when tested 
at the milk plant. These composites were heated and prepared for testing 
the same as the iiiipreserved samples except that the cream adhering to the 
inside of the sample bottle was brushed loose. These preserved samples had 
been prepared and estimated once for milk fat by the Babcock method in the 
milk plant before they were brought to the Experiment Station laboratory. 
Aii the samples were selected, insofar as possible, to represent high, medium 
and low fat content milks in each trial. 

The Mojonnier (3, 4) gTavimetiie procedure, equipment and prescribed 
reagents were used to estimate the milk fat. This is a mechanized gnodifica- 
tion of the R-oese-Gottlieb method. Blank determinations were made on new 
supplies of reagents. The ether extractions on replicate samples obtained 
by the three methods were made at the same time. The temperature of the 
laboratory and equipment did not vary greatly from 21° C., the importance 
of temperature having been emphasized by Mojonnier (3) and Troy (6). 
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KESLLTS 

The results in table 1 show the effect of three methods of weighing and 
transferring 30 niipreserved and 120 preserved milk samples into extraction 
flasks. When milk samples are weighed in pipettes on the weighing stand 
(method one), there is a gradual decrease in the amount of milk fat from 

TABLE 1 


The effect of cliff ere?it methods of transferring preserved and unpreserved milJ: samples 
into extraction flaslcs on the estimation of mill' fat hg the Xfojonnier method 


j Mean per cent milk fat 

Number | 

Weighed in 


Measured in 

of samples j 

Pipettes — Method one 

1 Flasks— Jlethod 

Flasks— Method 

( 

I 

i 

1 j 2 1 3 1 4 

I two 

three 


Unpreserved 


10 

4.<)126 

4.5746 

4.5260 

4.5156 

4.6222 

4.6097 

4.5849 

4.5800 

10 

3.6572 

3. 6386 

3.5859 

-3.5891 

3.6949 

3.6723 

3.644it 

3.6604 

10 i 

3.3385 I 

1 

^ 3.3129 

3.2897 

3.2900 

; 3.35,50 

1 

3.3411 

1 3.3225 

3.3134 


Preserved 
Plant A 
First Trial 


10 

4.2701 

4.2293 ' 

4.1541 

4.1311 4.2991 

4.3061 ' 


10 

3.5434 ! 

3.5395 

3.4976 

3.4539 , 3.5693 

3.5680 


10 - i 

3.2142 

3.1927 

1 

3.1491 i 

i 

3.1123 j 3.2332 

3.2363 

i 


Second Trial 

10 

4.2718 5 

4.2490 ’ 

4.1S4.5 

4.162.5 1 4..3031 

1 

4.2934 ^ 


10 i 

3.5710 1 

3.do64 

3.5135 ' 

3.4994 ! 3.6061 

3.6076 


10 j 

3.1420 ! 

3.1311 i 

j 

3.0821 

3.0804 i 3.1731 
i 

3.1782 < 



Plant B 
First Trial 


10 

10 

10 

4.5192 j 
3.8707 

3.4147 , 

1 

1 

4.4844 1 
3,8611 1 
3.4008 

4.3808 i 
3.7870 

3.3496 1 

1 

i 

4.3876 ’ 
3.7568 
3.3371 1 

] 

4.6055 4.5980 ] 

3.9230 3.9130 ; 

3.4533 3.4482 j 


Second Trial 

10 

4.7224 

4.7059 

i 4.6517 ^ 

4,6315 

] 

4,7990 4.8054 i 


10 

3.8834 

3.8814 

[ 3.7996 

3.7S74 

3.9421 3.9413 


10 

3.5008 : 

i 

3.5010 

3.4392 

3.4348 

3.5499 3.5538 



pipettes 1 to 4. The results from pipette number 1 (method one) agreed 
closely, but averaged slightly louver than those where the samples w^ere 
weighed directly into the extraction flasks (method two). Measuring milk 
by volume and assuming that the pipette delivered 10 grams of milk, yielded 
lower results than weighing it into extraction flasks. Pipette number 1 
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delivered an average of 9.9402, 9.9200 and 9.9314 grams of the high, medium 
and low iat iinpreserved milks, respectively, at 35-37.5'^ C. When calcn- 
lations are made for the weight of the iinpreserved milk delivered by this 
pipette, then the results obtained by measuring and by weighing milk into 
extraction flasks agree closely. 

The results obtained by weighing the samples from Plant A into extrac- 
tion flasks (method two) are slightly higher than those from pipette number 
1 f method one). However, the same comparison from Plant B indicates 

TABLE 2 

J of results from the pipettes that yielded the highest estimation of mill: fat 

hy method one on replicate samples 


Pipette number 


sou re e | 

1 j 

o 1 

3 

4 

Tjupreserved ! 

9 

1 1 




9 i 

i 1 ! 





8 ! 

1 i 


2 

Preserved I 


1 

1 j 



Plant A : 


1 



Pirst 


] 

[ 


trial i 

s 

o 

j 



4 

1 » 1 

1 1 



9 

1 1 



Second | 





trial i 

9 

1 1 



1 

9 

I 1 




10 

i 



Plant B 1 





Piist I 


i 

1 , 


trial 

9 

1 1 



I 

6 

i 4 

j 



8 

! o 

1 j 


Second ! 





trial ' 

1 S 

J o 




i 6 

i ^ 




: 6 

1 

1 '■"* 

I “ 

l" 

1 ’ 

Total 

118 

1 o- 


3 

Per ee,nt of total 

7S.67 

18.00 

1.33 

2.0 


that significantly higher results were obtained b^^ method two. This, can be 
attributed to the destabilized condition of the fat emulsion in the preserved 
milk composites from Plant B resulting in more rapid rising of the destabi- 
lized fat in the pipettes. 

The distribution of results in table 2 indicates that of the 150 estimations 
for milk fat that were made in replicate samples with method one, pipette 
number 1 yielded the highest results on 118 samples, pipette number 2 on 
27 samples, pipette number 3 on 2 samples and pipette nnmber 4 on 3 sam- 
ples. The percentage distribution is 78.67, 18.00, 1.33 and 2 per cent for 
pipettes number 1, 2, 3 and 4, respectively. Pipette number 2 yielded the 
highest results on 10 iinpreserved samples from Plant A and on 15 unpre- 
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serA^ed samples from Plant B. It is eA'ident that method one is not an accu- 
rate procedure to use in Aveighing and transferring milk samples to extrac- 
tion flasks. 

DISCUSSION^ 

This study has slioAvii that method one is not an accurate procedure for 
AA^eighing and transferring samples of milk to the extraction flasks. This 
iiietliod is not reliable because the clusters of fat rise according to Stoker’s 
LaAA" and are adsorbed to the inner surface of the pipettes. The amount of 
cream thus adsorbed depends on the length of time that the pipettes are on 
the Aveighiiig stand. The amount is least in pipette number 1 and greatest 
in nuinber 4. The inside diameter of the pii)ettes is slightly less than tAAm 
centimeters. Tlie time required to AA^igh and transfer four pipettes of milk 
(method one) to the four extraction flasks Mms 10.3 minutes for one tech- 
nician and 12.6 minutes for the other. This AAmild be sufficient time for some 
of the clusters of cream to rise in the pipettes according to the calculations 
by Sommer (7). In spite of the fact that four charges can be obtained Avith 
fiA'e AveighingSj method one is not reliable for AAdiole milk AA’lien a high degree 
of accuracy is desired. The error is not great for x>ipottes 1 and 2, but is 
significant for pipettes 3 and 4. Method one Avas deA^eloped by Mojonnier 
Brothers (3, 4) especially for cAmporated milk, sAveetened condensed milk, 
ice cream, and other milk products of a homogeneous nature, but technicians 
might interpret the instructions to apply this method to the estimation of 
milk fat in Avliole milk. The senior author has obserA^ed the use of method 
one on milk in seA^eral laboratories. This method saves time because four 
samples can be obtained AAdth only five AA’eighings, Avhile eight weighings 
must be made AAdien the samples are transferred directly into the extraction 
flasks. The errors iiiA^oived in method one AA’ould not haA^e been considered 
serious tAveiity years ago, but noU' are significant AAuth the trend toAvard 
greater accuracy and efficiency in the dairy industry. Mojonnier Brothers 
(5) recently emphasized that the Aveighiiig stands AA-itli pipettes are intended 
to be used only for products in AAdiich the fat does not readily separate. 

Method tAYo is the most reliable. It is possible to obtain a charge of milk 
from a AA^ell-mixed sample and deliver it immediately to the extraction flask. 
This is especially important in sampling milks Avhere the fat emulsion is 
partially destabilized, because the destabilized fat rises rapidly in the sample 
jar as aa’cII as in the pipette. Therefore, it is highly important to obtain the 
sample quickly and deliver it immediately into the extraction flask. Mo- 
jonnier (3, 4) recommends this method for products that are not homogene- 
ous or AA’heii the milk fat separates rapidly. When method tAvo Avas used, 
duplicate determinations for milk fat agreed closely. 

Method three may be used in commercial laboratories, provided the 
pipette is calibrated to delh’er a definite charge of milk under standard con- 
ditions. The volumetric procedure is recommended by Mojonnier Brothers 
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(3, 4} but tliey are careful to specify that their pipettes are calibrated to 
ileliver 10 grams of milk at 15.5'' C., allowiug 15 seconds for the pipette to 
drain after the milk has ceased to and blowing out the last drop. A 
sampling* temperature of 35“37.5“ C., was used in this study, because it was 
assumed that a more representative sample would be obtained and that the 
pipettes would drain more completely when the milk fat is liquid. This 
higher sampling* temperature is at least one reason why the pipettes did not 
deliver the specified 10 grams of milk. 

CONCLUSIONS 

1. 'Weighing milk in four pipettes on the weighing* stand and transfer- 
ring it to extraction flasks is not an accurate procedure. (Method one.) 

2. Weighing milk directly into a tared extraction flask is the most reli- 
able of the three methods. (Method two.) 

3. Measuring milk by volume into the extraction flask with a pipette will 
give sufficiently accurate results for routine work provided the pipette is 
calibrated for the amount of milk that it will deliver under standardized 
conditions. (Method three.) 

4. For sampling and delivering the milk sample into the extraction flask 
with a pipette in methods two and three, the thoroughly mixed milk should 
be at a temperature slightly above the melting point of the fat ; for example 
35-37'' C. 
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CHLORINE RESISTANCE OF PSEUBOMOXAS PUTBEFACIEXS* 

H. P. LONG AND B. W. HAMMEE 
Iowa Agricultural Experiment Station 

In tlie attempts to control outbreaks of tlie putrid defect in buttei% 
elilorine solutions frequently are used to treat butter Avasli water and some- 
times to treat plant equipment, especially cliiirns. Tlie difficulty in eon- 
trolling the outbreaks with such procedures has suggested to certain plant 
operators that the causative organisms are relatively resistant to chlorine^ 
although there remains the possibility that the suspected source of the organ- 
isms — wash water or plant equipment — ^^Tas not the actual source so that the 
organisms were not exposed to the chlorine. 

Since Pseudomonas piifrefactens is a coinmoii cause of the putrid defect 
ill butter (1, 3), its chlorine resistance was investigated. Some of the cul- 
tures used were stock cultures, while others were freshly isolated for the 
study. The problem of chloi’ine resistance of Ps. pidrefaciens is greatly 
complicated by the difficulty in growing the organism (2). In the studies 
an attempt was made to find the conditions under which it grows best. 

The usual procedure was to suspend a 2-day agar culture of Ps. piitre- 
faciens in sterile or pasteurized water, allow the suspension to stand for a 
short time at room temperature and then treat portions with the required 
amounts of a hypochlorite solution containing 100 ppm. chlorine. After the 
desired exposures, action of the chlorine was stopped by adding a solution 
of sodium thiosulfate. Occasionally, two concentrations of chlorine -were 
used on the same original suspension. Witli each type of water some of the 
trials included titration of the chlorine at the beginning and end of the 
exposures; commonly, the chlorine concentration did not decrease sigiiifi- 
eantly during an exposure and the values given represent concentrations at 
the ends of the exposures. The untreated and treated suspensions were cul- 
tured on special agar (2) and in some instances were used to wash butter 
granules obtained by eburiiing thoroughly pasteurized sweet cream in sterile 
glass jars; in a few trials they also were cultured in milk. 

RESULTS 

Trials ivifh sterile distilled' ivatcr. Addition of 1 ppm. chlorine to a sus- 
pension of Ps. putrefaciens in sterile distilled wuter usually resulted in 
death of the organism in 5 seconds, but oeeasionally survival Avas noted for 
as long as 3 minutes ; generally, suspensions requiring longer treatment con- 
tained more organisms originally than those requiring shorter treatment 
although other factors may have been iiiAulved. In 10 minutes the organism 
regularly Avas killed. With 5 ppm. chlorine the organism nei^er suiwwed a 

Received for piiblieation June 9, 1943. 
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* As determined by smears on special agar, 
t ITiisaited butter held at 21° Cl 

+ Tests indicated that Ps. xfvtrcfaciens was not present. 
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5-seeoiid exposiirCj wliieli was tlie sliortest one used. During* triais witii tliis 
type of Abater it aatis noted that Avithoiit chlorination Ps. pufrcfaciens re- 
mained Auable for only a feAV hours. 'While snrvWal for 1 hour, or eA^en 
imieh less, Avas sufficient for eoiidncting the tests on .a suspension, it appeared 
that killing* the organism AA’itli chlorine in this type of Avater Avoiild be easier 
than ill the type of lAnter generally used in dairy plants. Aecordiiigly., 
additional tests Avere conducted. 

Trials with pasteurked ivell water, Water Avas obtained from the col- 
lege AA’ater system before filtration; after x>asteiirizatioii at approximately 
90° G. for 30 minutes, it Avas cooled to room temperature and filtered to 
reniOA^e the precipitated material. Table 1 gWes representatWe results ob- 
tained Avith this type of Avater. 

In trial 1 AAutli strain 1 the original suspension of organisms had a count 
of 40,000 per ml. and 5 ppm. chlorine killed them AA’itli exposures of 2, 5 or 
10 minutes. The iinclilorinated Avater produced a putrid condition in im- 
salted blitter in 2 days at 21° C. AA'hile the chlorinated samples failed to 
produce the defect. In trials 2 and 3, also uuth strain 1, satisfactory destrue- 
tioii of the organisms Avas obtained AA’ith 5 ppm. chlorine, eA*'en Avitli very 
short exposures. With an exposure of only 5 seconds (trial 3) no groAvtli 
Avas obtained on plates and no spoilage (due to Fs. pufrefaciens) resulted 
Avheii the treated AA^ater Avas used to AA^ash butter. The effect of a smaller 
dosage of chlorine is shoAvii in trial 4 conducted on a suspension of strain 2 
eoiitaiiiing 12,000 organisms per ml. Although 5 ppm. ehloriiie for 5 seconds 
resulted in satisfactory destruction, 1 ppm. for 30 seconds failed to kill all 
the organisms and unsalted butter Avashed AAuth the AA'ater became putrid in 
2 da 3 AS at 21° C. ; liOAi’eA’-er, exposures of 2 or 10 minutes resulted in satisfac- 
tory destruction. In trial 5, conducted on a suspension of strain 3 contain- 
ing 16,000 organisms per ink, 1 ppm. chlorine failed to give as satisfactory 
destruction as in trial 4 and there was some surAUAml after 10 minutes expo- 
sure although all the organisms were killed in 20 minutes; these suspensions 
Avere not tested in experimental churnings. Presumably strain 3 Avas eoni- 
paratWely resistant to chlorine. 

The data indicate that Ps. pufrefacieyis is rather susceptible to destruc- 
tion by eliioriiie, being rapidly killed, eA^eii AAiieii present in eomparatiA’'ely 
large niiiiibers, AAutli a concentration of 5 ppm.. With less chlorine more time 
is required, but again the organism displays no iiimsiial poAvers of resistance. 
Under certain conditions, such as presence of organic matter in the Avater, 
excessive numbers of organisms or some comparable factor, less satisfactory 
destruction Avould be expected. The type of chlorine compound and tlie pH 
at AAdiich it acts need definite consideration. 

Trials in-volving iinsatisfacfory destrnciion of Ps, putrefaciens. In cer- 
tain trials chlorine failed to gi\e satisfactory clestriietioii of Ps, putrefaciens^ 
even AAdieii alloAA’ed to act for considerable periods; the foIloAAung examples 
illustrate this. 
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Example 1. A siispensiuii of 480,000 organisms per ml. in lake water 
(pasteurized and filtered) was treated with sufficient chlorine to give a 
residual of 0.9 ppm. after 2 minutes. Under these conditions the chlorine 
failed to kill enoiigii organisms in 5 seconds, 10 seconds, 1 minute or 2 niiii” 
iites to sliow any destruction on agar plates smeared with 1 ml. or 0.1 ml. of 
the treated suspensions. In addition, all the chlorinated samples produced 
spoilage in experimental butter in the same period as the luiclilorinated sus- 
pension. 

Example 2. "Well water (pasteurized and filtered) with a count of 

620.000 organisms per ml. was treated with 1 ppm. chlorine for periods up 
to 2 minutes. All the exposures used failed to give appreciable decreases 
ill the number of organisms. In another trial -with tvell water containing 

60.000 organisms per ml., 2 ppm. chlorine failed to give satisfactory destruc- 
tion even after 10 minutes. 

Presumably, various factors are involved in the low destruction of Ps. 
ptiirefaeiens in certain trials. In example 1 the number of organisms was 
excessive for the amount of chlorine and the periods of action ; in addition, 
the water evidently contained considerable organic matter since chlorine was 
rapidly dissipated in it without any addition of organisms. In the first trial 
of example 2 an excessive number of organisms in relation to the amount of 
chlorine and periods of action was again involved. However, in the second 
trial this apparently was not the ease although the strain employed was a 
very recent isolation which may have grown poorly on the agar so that the 
count obtained was much lower than the actual number of cells present; 
apparently, the strain was not especially resistant because in later trials it 
was easily destroyed by chlorine. 

Grfjivtli of Ps. putrefaciens in the test media employed. When the 
untreated and treated suspensions of Ps. putrefaciens were cultured on the 
surface of the special agar, growth usually was satisfactory but in a few 
instances suspensions failed to give the groudh expected on the basis of the 
.aiiioiiiit of inoculum used. This was particularly true with certain strains 
■of Ps. putrefaciens and especially with some very recent isolations. 

Comparisons of grouth of Ps. putrefaciens on the special agar and in 
litmus milk indicated that the agar was the better medium. Often suspen- 
sions giving good growth on the agar failed to produce any change in litmus 
milk, even with comparatively large inoculations. There was an excellent 
agreement between growth of the organism on the agar and production of 
the putrid defect in unsalted butter at 21^ C. Even wiien a suspension gave 
comparatively little growth on plates it eventually caused the defect in 
butter. Commonly, results were obtained more quickly on the agar, where 
colonies usually were evident in 24 to 30 hours, than in butter; in most cases 
2 days or longer were required for production of the putrid defect in butter, 
*eveu when the wash water eoiitained many organisms. 



CHLORINE RESISTANCE OF PSEUDOMONAS PUTREPACIENS 


43 


On tlie basis of tlie results it apiDears that culturing' on the special agar is 
a satisfactory method of measuring destruction of Ps. putrefaciens although 
even on this medium some cells apparently fail to grow. The agreement 
between growth on the agar and iiroduction of the putrid defect in butter is 
significant from the practical standpoint since satisfactory destruction of the 
organism has been attained when it does not produce a defect in butter. 

DISCUSSION 

Failure of Ps. putrefaciens to show unusuai chlorine resistance would be 
expected because of the absence of spores and the general lack of resistance 
of the species of the genus Pseudomonas to various agents causing destruc- 
tion of bacteria. When unsatisfactory destruction occurred, the cause gen- 
erally was apparent and involved factors other than resistance of the organ- 
ism to chlorine. 

The excellent agreement between growth of Ps. putrefaciens on the 
special agar and in butter is rather surprising since it often is assumed that 
butter is the best medium for the organism. The comparatively poor growth 
ill litimis milk has been noted in other investigations (4). 

SUMMARY 

When suspended in sterile distilled or pasteurized and filtered well water, 
Ps. putrefaciens was easily destroyed by chlorine, provided excessive num- 
bers of cells were not present ; destruction was especially active in the dis- 
tilled ivater. Wlieii the numbers of organisms in relation to the amount of 
chlorine or its period of action w’ere excessive, destruction wms unsatisfac- 
tory. Among the strains tested there was some evidence of variation in 
chlorine resistance. 

There was excellent agreement between gro^^dh of Ps. putrefaciens on a 
special agar and production of the putrid defect in unsalted butter at 21"^ C. 
Various suspensions yielding good growth on the agar failed to produce 
changes in litmus milk. 
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OBSERVATIONS ON FISHINESS IN BUTTBR^^ 

E. Y. HYSSOYG and SIBXEY QITAM 
Eescarclt Laboratories, Suf/ar Creel: Creamery Company, JDanvUIe, lUinois, 
Xational Dairy ProeJiicfs Corporafmi 

AND 

B, AY. HAAIMER 

Iowa AgricuUnral Experiment Station 

At one time fisliiiiess in butter was a eonnnon and eoiispicuous defect. 
Reg'ardiess of the original quality, butter rather frequently dcA^eloped a pro- 
noiineed fishy flavor, especially during storage, and the financial losses 
involved were large. Because of its imx)ortanee, the defect has been extern 
sively investigated and the more significant factors favoring its development 
are iioav generally recognized (2, 3, 4, 5). 

'While at present fishiness in butter is being controlled to a large extent, 
the defect still is occasionally encountered. Often this fishiness is rather 
mild and the pronounced fishy flavors that at one time caused such serious 
financial losses are unusual. The mild fishiness is not generally recognized 
as such by the eonsuiner, and the criticism may simply be that the butter 
is otf ill flavor. 

For the most part the fishiness now encountered in butter is due to fail- 
ure to apply the control procedures that have been thoroughly established. 
Illustrations of such failures are reported herein; all of them invoh^e salted 
butter, fishiness being rare in unsalted butter. 

RESULTS 

iviih loiv pE values. In all probability reduction of the acidi- 
ties at AAliicl) cream is churned has been the most important factor in limit- 
ing the number of fishy churnings and the intensity of the fishiness in those 
eliiirnings. HoweA^er, it appears that hisiifiicient acid reduction still is of 
significance as a cause of the defect. 

Table 1 gives the pH values of fishy and noii-fishy butter from A^arioiis 
|ilaiits; the churnings in each series Avere made within a very short period 
so that the general eonditions of manufaeture AA^ere imich the same, but since 
each plant obtained cream from a relatively large area there undoubtedly 
Avere definite differences in the cream used. In each series the eliiiriiing or 
cliurnings of butter having a fishy flaAmr had the lowest pH Amine or values. 
In some series the difference in pH between a fishy and a non-fishy churning 
Avas small. 
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TABLE 1 


The pS -valiies of fishy and non-fishy lots of commercial hiiiter /rom various pla7its 
Tlie 2 to 6 sanij^les from a plant were made during a sliort period. 



Distribution of the pH values of a number of fishy and iion-fishy churn- 
ings of butter from each of four plants is shown in figure 1. The churnings 
from each plant were not necessarily eonseeutive but were made wdthin a 
comparatively short period. In general, the fishy churnings from a plant 
are grouped among the churnings having relatively low pH values. Also, 



Fig. L Distribution of pH values of fshr and nou-dsiiy samples of butter from 

four plants. 
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the "butter from plant 4 eonimonly developed fishiness at higher pH values 
than the butter from the other three plants, sngg-esting that a factor other 
than pH also was operative. 

The pH values of miscellaneous samples of fishy butter from widely 
scattered sources are given in table 2. In general, the values are lower than 
those desired in butter by A^arious manufacturers who attempt to control the 
pH of their butter Avithin rather narroAV limits because of the effect of Ioav 
pH on chemical deterioration in butter. Some of the A'aliies are so Ioav that 
fishiness definitei.y Avould be expected to deA^elop in the butter. 

Fishiness with relatively high pH values. Occasionally lots of fishy 
butter have pH values Avhich ordinarily Avould be considered high enough to 
prevent development of the defect since they definitely are above the Aulues 
eommoiily associated Avith fishy butter. Because of the relationship of 
copper to chemical deterioration in butter, a number of such samples AAnre 

TABLE 2 


The pS values of miscellaneous samples of fishy butter from widely scattered sources 


Sample 

no. 

pH l' 

Sample 

no. 

pH 

1 

5.61 ! 

1 11 

5.35 

9 

5.98 1 

! 12 

5.95 

3 

5.75 ! 

1 13 

6.15 

4 

5.45 1 

14 

6.14 

5 i 

6.50 

' 15 

5.98 

6 I 

6.74 

; 16 

5.88 

7 

6.63 

' 17 

6.44 

8 

6.51 

18 

5.68 

9 

6.60 


5.35 

10 

5.10 j 

! 20 

5.80 


examined for copper content, using Avet ashing (6) and the carbamate pro- 
cedure (1, 6). High values commonly Avere obtained. 

The general situation is illustrated by the folloAving case histor^^: In a 
plant reeemiig cream from a AN’ide area, special attention aaus being gh^en 
to the control of pH in the finished butter, and for the most part Amriatioiis 
ill pH values of the different churnings Avere small. At one of the routine 
examinations of samples from suceessiA^e churnings in the plant, the flaA^'or 
scores Avere normal except in the ease of one sample Avhieh AAms decidedly 
fishy; the samples had been held for about 3 Aveeks at about 7° C. so that 
conditions were favorable for development of the defect. It wms assumed 
that the pH of the sample Avas low, but determinations indicated a value of 
7.1. Copper determinations were then made and shoAved a content of 7.3 
ppm. Other churnings made on the same day as the fishy butter eoiitained 
from 0.4 to 0.75 ppm. of copper. 

The plant records for the day on which the defect we butter AA^as made 
showed that the vat of cream used for the butter had a eonspicuously loAver 
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aeidity tlian any of the other vats. It inelncled a large proportion of cream 
from cheese factories, both that from whey and that from milk ; this type of 
cream was reaeliiiig the plant at lower acidities than cream coming from 
farms, either directly or through cream stations. In various cheese fac- 
tories exposed copper on equipment undoubtedly accounted for a high 
copper content in the whey and in the cream obtained from it. 

Table 3 gives copper contents of additional samples of fishy butter 
having pH values so high that fishiness ordinarily would not be expected 
in the butter. The contents vary from 0.85 to 7.0 ppm. "While data on the 
normal copper contents of butter in the areas involved are not availablej the 
values given are definitely higher than those on other churnings from the 
same plants at apin*oxi'mately the same periods. 

TABLE 3 


Copper CQHtfnts of samphs of fislip huiter having rclativehj high pU valKes 


Stiiiiple no. 

pH I 

Oil content 


I j 

; ppm. 

1 

6.70 

i 1.3 

9 ' 

6.70 ! 

I 1.9 

3 

7.19 

! 1.3 

4 

; 7.25 

7.0 

5 

' 6.85 

2,2 

6 

; 7.10 

r.9 

7 

! 7.13 

j 0.85 


In a niiBiber of instances fishy butter Avas encountered Avliich had both a 
high copper content and a relath^ely low pH Amine. Under such conditions 
the effect of the copper probably Avas greater than it ayouIcI have been Avitli 
a high pH value. 

Control of the pH of hiiffer. Adequate control of the pH of salted 
butter, Avhieli is so necessary under present conditions of butter manufac- 
ture, sometimes presents difficulties. Proper adjustment of the acidity of 
the ereaiii at the time of churning is a eominoii basis for such control. Under 
a gh'eii set of plant conditions there is a reasonably close eorrelation betAveen 
cream acidity at eliiiriiiiig and pH of the butter but, because of the influence 
of Amrioiis factors on the relationship, results obtained in one plant must be 
tested ill another plant before they can be accepted there. Also, in a plant 
ill ATliicli the eorrelation lias been thoroughly investigated an unusual con- 
dition may upset the relationship which has prevailed for an extended 
period. 

In a plant Avliieh began to receive considerable volumes of cheese factory 
cream, both Avliey cream and cream from Avhole milk, it Aims noted that the 
butter Avas developing a fishy soon after manufacture. Study of the 
butter shoAved that the pH A^alues Avere relath^eiy Ioaa^ although the churning 
acidities had not been changed. Eventually it Avas learned that certain 
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cheese factories ^vere skinmiing a very rich cream and then diluting it with 
cold water to cool the cream and thin it sufficiently to make liaiidliiig easier. 
Addition of the water changed the buffer capacity of the, cream so that the 
pH of the cream at a given acidity was considerably lower than it would 
otherwise have been. 

Sources of copper in hutfer. Equipment in certain maiiiifaetiiriiig plants 
is an obvious source of copper in butter. Exposed copper in various vats, 
in piping, etc., contributes signifieant amounts of copper to cream and to 
the butter made from it. Presumably an alloy containing copper also can 
be of importance in this connection. The definite trend toward the use of 
special metals in the making of equipment for various types of dairy plants 
is a clear recognition of the objectionable effects of copper and certain other 
metals on dairy products. 

There also are less obvious sources of copper in cream and butter, such 
as exposed copper in cheese plants supplying cream, unusual equipment on 
dairy farms, etc. Some of these may be difficult to detect because of their 
distance from the butter plant but should be considered when it appears that 
such defects as fishiness in butter are caused by excessive amounts of copper 
ill the product. 

When replacenieiit of equipment showing exposed copper is impossible 
for financial or other reasons, retiiniing limits the copper contamination. 
Also, butter made from the first cream through the equipment each day 
should be used in channels in which it will soon be consumed rather than in 
elianiiels in wliicdi consumption may be delayed. It is probable that there 
is a definite advantage in keeping the pH of tiie butter comparatively high. 

Detailed studies on the normal copper content of butter are greatly 
needed so that it will he possible to tell when the content has been definitely 
increased during the collection of cream and its manufacture into butter. 
There is some evidence that the normal copper content of butter from vari- 
ous areas differs rather widely, 

Distrihution of fishiness heiween fed and serum of hutfer. In a number 
of instances the distribution of fishy flavor between fat and serum of butter 
Avas studied by melting the butter and separating the fat and the serimi with 
a separatory funnel. The melted fat was then filtered through paper at 
about 45° C., and the serum was centrifuged to remove the fat as completely 
as possible. 

The fishy flavor Avas very conspicuous in the fat, AAffiile there Avas little 
or no fishiness in the serum. When experienced butter Judges were asked, 
to taste the serum and identify the defect in the butter from AAdiich the serum 
came, they commonly could not do so ; how'ever, if the fat was not rather 
completely removed from the serum the fishiness was evident in the serum. 

When the filtered bntterfat was steam distilled the distillate was very 
fishy, but even after extended distillation some fishiness was still evident in 
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tlie steamed fat. lu general, tlie steaming had no significant effect on the 

aeiditT of the fat. 

DISCUSSION 

The data emphasize the importance of proper pH control in the inaiiii- 
factiire of butter if fishiness is to be avoided and are in agreenieiit Avith the 
fiiiidaiiieiitai studies that haA’e been reported along this general line. They 
also shoAv that fishiness still occurs in butter from A’arious plants. Proper 
control of the pH of butter apparently is not as simple as it soiiietiiiies is 
supposed to be. This is particularly true in plants recemng cream from 
a variety of sources, some of which may i>resent unusual situations from the 
staiidpohit of the relationship betAveen the titration value on the cream and 
the pH of the resulting butter. 

The presence of relath^ely large amounts of copper in butter deAmloping 
fishiness Avhen the pH A^alues are satisfactory again is in agreement Avith the 
results of the early im’estigations. 'While contamination of cream and 
butter with copper in butter manufacturing plants can be eontrolled under 
normal conditions by replacement of equipment, retiiining of equipment, 
etc., it is probable that Avith plants recemng ereani from certain sources the 
cream sometimes contains excessiA^e amounts of copper when it reaches the 
plants. This general situation shoAvs the importance of a proper under- 
standing of the eoiiclitions under Avhich cream is handled before it comes to 
the butter plants. 

Evidence from A’arious sources indicates that factors other than pH and 
copper content iiifliieiiee the deA^elopment of fishiness in butter. In addition 
to those commonly recognized, the area in which the cream is produced and 
the cream treatment appear to be of importance on the basis of general 
observations. 

The ereani from certain producing areas apparently yields butter AAdiich 
is more susceptible to the deA'elopment of a fishy flaAmr than cream from 
other areas. This could easily be related to the feeds consumed by the coavs 
because of their effect on the composition of tlie milk, iiicluding the content 
of such minor constituents as lecithin (5). HoAveA^r, there also are other 
possibilities. 

Extensive treatment during the processing of cream for butter also may 
iiifliieiice the development of fishiness. For example, certain types of pas- 
teurization may affect the stability of the fat or fat-like constituents. 

SUMMARY 

Fishy butter from different plants commonly had lower pH values than 
non-fishy butter from the same plants at about the same periods. In various 
instances hi which fishy butter had a relatively high pH value, it contained 
comparatively large amounts of copper. 
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Proper control of tlie pH of butter requires recognition of any iiiiiisiial 
condition wliicli develops. Certain sources of copper are very obvious but 
others, siieli as exposed copper in elieese plants supplying* cream for butter 
niaiiiifaeture, are iiiucli less obvious. 

Wlien fisliy butter was separated into fat and serum, tlie fisliy flavor was 
eoiispiciious in the fat but there was little or no fishiness in the serum. 
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Chairman, ^Pennsylvania State College 

The committee has made an attempt to find a satisfactory method for the 
determination of fat in sweetened condensed milk and evaporated milk 
where Mojonnier equipment is not available. 

The standard method of procedure in conducting the Babcock test is un- 
suitable for testing dairy products containing added sugar on account of 
the carbonization of the sugar which makes the reading of the fat column 
difficult. 

Accuracy, simplicity, low cost and the use of standard Babcock equip- 
ment were the principal factors considered. 

Comparisons were made of a number of methods which have been used 
in determining the percentage of fat in dairy products, vith the Mojonnier 
method as the standard. Some of the methods investigated were eliminated 
because the originators did not recommend them for testing sweetened con- 
densed milk and evaporated milk. Others were eliminated because the re- 
sults w^ere not satisfactory to the committee. 

It was found, in making a further investigation, that both the Pennsyl- 
vania and the Minnesota methods gave results which agreed closely with the 
Mojonnier method. It was decided to recommend both of these methods. 

PREPARATION AND AMOUNT OF SAMPLE 

I, Sweetened Condensed Milk 

To facilitate weighing the sweetened condensed milk into the test bottle, 
it can be mixed with an equal weight of w^ater. This is done by balancing 
two beakers on opposite sides of a set of cream or similar scales ; approxi- 
mately 4 ounces of sweetened condensed milk are added to one of the beakers 
and an equal weight of water added to the other and the contents of the two 
beakers are thoroughly mixed together and then placed in a stoppered flask. 

For both the Pennsylvania and Minnesota methods, weigh 9 grains of this 
mixture into either a 9-graiXL, 20 per cent ice cream test bottle or an 8 per 
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cent miik test bottle. Tlie results are multiplied by two if a 9-gTam ice 
ereaiii test bottle is used and by four if an 8 per cent milk test bottle is used. 

II. Evaporated M’dk 

111 tile Pennsylvania iiietbod, weigli a 6-graiii sample into either an 8 per 
cent milk test bottle or a 9-gTaiii iee cream test bottle. Multiply the results 
by three when an 8 per cent milk test bottle is used and by one and one-half 
when a 9-graiii iee ereain test bottle is used. 

For the Minnesota method, weigh a 9-gram sample into a 9-gram 20 per 
cent iee cream test bottle. 

DIRECWIOXS FOR USING THE PENNSYLVANIA METHOD 

I. Equipment 

'Regular Babcock equipment and glassware, iiieliidiiig ice cream test 
bottles, are eiiiployecl. 

II. Feageufs 

1. Aimiionium hydroxide (28-29 per cent hsH 3 is necessary). 

2. Normal butyl alcohol (B.P. 117^ C.). 

3. Diluted commercial sulpimrie acid (specific gravity approximately 
1,72-1.74). The acid is diluted by adding 3-i parts, by volume, of com- 
mercial sulphuric acid, specific gravity 1.82-1.83, to one part of water, in 
a heat resisting container. 

III. Procedure 

The same procedure is followed in testing the sweetened condensed milk 
and evaporated milk even though the weight of sample varies. The pro- 
cedure is as f ollow’s : 

1. Add 2 milliliters of ammonium hydroxide from a burette. 

2. Mix for approximately one-half minute. 

3. Add 3 milliliters of butyl alcohol from a burette. 

4. Mix for approximately one minute. 

5. Add 17.5 milliliters of the diluted sulphuric acid. 

6. Mix thoroughly until digestion is completed. 

7. Centrifuge the bottles for 5 minutes. 

8. Add water (139-140° P.) to bring the contents to within one-fourth 
inch of the base of the neck of the bottle. 

9. Centrifuge for two minutes. 

10. Add enough water (130-140° F.) to keep the fat within the grad- 
uated portion of the neck of the bottle until read. 

11. Centrifuge one minute. 

12. Place the bottles in a water bath at 130° P. 

13. Allow a few drops of glymol to run down the inside of the neck of the 
bottle just before reading. Measure the length of the fat column from the 
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bottom of tbe lower iiieniseiis to the sharp line of demarcation between the 
glymol and the fat. 

DIRECTIONS FOR USING THE MINNESOTA METHOD 

I. Eqiiipmeni 

Regular Babcoek equipment and glassware, including iee cream test 
bottles, are emploved. 

II. Be agents 

Minnesota Babcoek reagent. 

III. Procedure 

The same procedure is followed in testing the sweetened condensed milk 
and evaporated milk, even' though the weight of sample varies. The pro- 
cedure is as follows as recommended by Thurston and Brown 

1. Add 15 milliliters of Minnesota reagent. 

2. Shake thoroughly. 

3. Digest 12 to 15 minutes in a gently boiling w'ater bath, having the 
bottles in a rack held at least 2 inches above the bottom of the bath. 

4. Shake the mixture in the test bottle vigorously at the time when at 
least half the contents of the bottle have turned dark brown (usually about 
24 minutes after placing them in the water bath). 

5. Shake vigorously again about one minute later. (Note: Some care 
may be necessary when starting to shake the bottles the second time, as the 
alcohol in the reagent may boil off through the neck of the bottle, taking with 
it some of the mixture.) 

6. Place the tests in a centrifuge and centrifuge them for one-half minute 
at the speed used for the Babcock test. 

7. 4dd hot water (130-140^^ P.) to float the butterfat well up into the 
neck of the test bottle. 

8. Centrifuge for one-half minute. 

9. Place the tests in a water bath at 133-137° P. and leave for 5 minutes, 

10. Just before reading each test, allow colored reading fluid (such as 
glymol) to flow gently onto the surface of the fat column. 

11. Hold the bottles in a level position and read as one would read a 
Babcoek cream test. 

REMARKS 

Either method can be expected to give reliable results within the ac- 
curacy of reading the calibrations on the Babcock test bottle and both are 
well adapted to the determination of fat in sweetened condensed milk and 
evaporated milk. 

* Ice Cream Field, February 1937. 




THE TITAMIN A REQUIREJIBNTS OF DAIRY COWS FOR PRO- 
DUCTION OP BUTTERFAT OF HIGH VITAMIN A VALUE. 

II. VITAMIN A PER 8E* 

J. H. HILTOX, J. V. WILBVE and S. M. HAUGE 

Df-pniimcnls of Dairy Hiisianilry and Agricultural Chemistry, Fiirdue University 
Agricultural Experiment Station, Lafayette, Indiana 

111 previous experiments (8) it was found that the vitamin A require- 
ment of dairy cows for the production of milk fat with maximum vitamin 
A value was approximately 550,000 units per day when the source of vita- 
min A. in the ration was artificially dried alfalfa hay (carotene). Eeeeiit 
experiments have been completed to determine this daily requirement when 
the source of vitamin A in the ration was vitamin A per se (fish liver oil). 

EXPERIMENTALf 

The general plan of procedure in all of these experiments has been to 
decrease the vitamin A potency of the milk secreted by the cows to a low 
level by feeding vitamin A deficient rations and then determine the number 
of vitamin A units required daily by the cows to restore the vitamin potency 
of the milk fat to a high level. 

The vitamin A deficient ration was composed of beet pulp, and a grain 
mixture consisting of white corn, oats, linseed oil meal, bone meal and salt. 
The source of vitamin A in the repletion rations was vitamin A per se (fish 
liver oil). 

Throughout this report vitamin A activity is quantitatively expressed as 
Shermaii-Munsel units. 

Experiment I 

Two Guernsey cows in the early stage of lactation were used in this trial. 
The cows w^ere fed the vitamin A deficient ration until the vitamin A potency 
of their milk fat dropped to a low" level (12 units per gram). Beginning at 
this point each cow wms fed vitamin A doses of 25,000, 50,000, 75,000, 
100,000, and 200,000 units daily in successive 21 day feeding periods. 

Eepresentative samples of milk w-ere collected from each eow^ during the 
last two days of each period from which butter samples w"ere prepared for 
biological assay. Each sample of butter was assayed separately for vitamin 
A potency. 

The results of experiment I are showm in table 1 and figure 1. 

Experiment II 

Twm Guernsey cows were used in the feeding trials of this experiment. 
After their stores of vitamin A had been depleted to a low- level, one cow 
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TABLE 1 

SJioiL'inff iJie Vitamin A requirement of dairjf cows when vitamin A per se was the 
source of vitamin A in the ration 

Trial 1 


Period 

; Daily vitamin A 

Vutamin A in butter 
uiiits*/gni. 

LNO. 

unit iiitahe 

Cow 521 

Cow 535 

1 

Depletion 

12 

12 

0 

25,000 ^ 

10 

12 

«-> 

50,000 

11 

12 

4 

75d>00 

15 

17 

5 

100,000 

! 30 j 

30 

6 

20C0OOO 

i 3(5 

i ! 

34 


* Slierniaii'^Iiiiisel units. 


was feci dailv Titamiii A 2 )er se m units ranging from 50,000 up to 300,000 
and baek to 50,000 in siieeessiTe 21 day feeding periods. The other eow, at 
the end of depletion period, was started on 300,000 vitamin units daily with 
descending and then ascending quantities fed in successive feeding periods. 
The feeding schedule of the two cows is shown in table 2. 

DISCUSSION 

As has been stated previously (8) the criterion for the measurement of 
the vitamin A requirements of dairy cows for the secretion of milk fat with 
maximum vitamin A value is based upon the supposition that cows are not 
able to secrete butterfat of maximum vitamin A value until tlie optimum 
requirements for maintenance and production have been satisfied. There- 
fore, the minimum vitamin A intake which wdll produce the maximum effect 
upon the milk fat secreted should be the minimum vitamin A requirement 
of the cow for the production of milk fat of maximum vitamin A value. 



daily jmtake: or vitamin a units 


Fig. 1. Showing the relative efficiency of vitamin A per se and carotene (artificially 
dried alfalfa hay) for the production of hutter of maximum vitamin A value. 
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TABLE 2 

Showing the vitamui A requirements of dairy cows when vitamin A per se was 
the source of vitamin A in the ratio7i 


Period 

No. 

Trial 2 — Cow 534 

Trial 3 — Cow 535 

Daib’ vitamin A 
unit* intake 

Vitamin A in 
butter 
iinits*/gm. 

Daily vitamin A 
unit* intake 

VUtamin A in 
butter 
units*/giii. 

1 

Depletion 

12 

Deidetion 

15 

2 

50,000 

15 

300,000 

33 

3 

75,000 

18 

200,000 

33 

4 

100,000 

24 

150,00(j 

30 

5 

150,000 

1 30 

100,000 

28 

6 

200,000 

1 32 

75,000 

' 21 

7 

300,000 

! 35 

50,000 

14 

8 

200,000 

1 

1 0 

; 14 

9 

75,000 

27 

1 100,000 

! 27 

10 

0 

16 

! 200,000 

I 31 


^ Slierman-Miiiisel units. 


Previous tests have shown that when dehydrated alfalfa hay was used 
as a source of vitamin A (carotene) the cows required approximately 550,000 
vitamin A units daily to restore the vitamin A potency of the biitterfat to 
its highest level. 

In the present tests when the source of vitamin A in the ration was vita- 
min A se (fish liver oil), these requirements were satisfied with approxi- 
mately 200,000 units daily. For simplicity in showing the relative efficiency 
of these two sources of vitamin A, the daily unit intake required of each is 
shown in figure 1. Data for the carotene (dehydrated alfalfa hay) require- 
ments are taken from previous experiments (8), 

In trial I, it became evident that the vitamin- A requirement f or^f he pro- 
duction of milk of high vitamin A value was between 150,000 and 200,000 
units daily when the source of vitamin A in the ration was vitamin A per se. 
In order to cheek these results and to determine the requirements as affected 
by depletion and repletion of body storage trials 2 and 3 were conducted. 



Eig. 2. Showing the vitamin A per se requirements for the production of butter with 
maximum vitamin A value. 
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As shown ill table 2 and figures 2 and 3 the results of the second experi- 
ment were almost identical with those of the first experiment. As can be 
seen in figure 2 when the Titamin A per se in the ration was increased from 

50.000 to 100,000 units dailj’ there was a significant increase in the vitamin 
A potene.v of the milk fat secreted by the cows. The vitamin A value of the 
milk fat reached its maximum value when the ration contained approxi- 
mately 200,000 units daily. Increasing the daily vitamin A intake to 

300.000 units failed to produce auy significant increase in the amount of 
vitamin A in the milk fat. On the other hand when the amount of vitamin 
A ill the ration was decreased below 200,000 units daily in successive 21-day 
periods there was a corresponding decrease in the vitamin A potency of the 
milk fat secreted by the cows. There was, however, a slight lag during the 
depletion which was probably due to the buffering action of reserve body 
stores which had aeciiniiilated on the high levels. 



Tig. 3. Showing the vitamin A per se requirements for the production of butter with 
maximum vitamin A value when measured bv depletion and repletion tests. 

When 300,000 units w^ere fed in the first period following a short deple- 
tion period the vitamin A potency of the milk fat was restored to its maxi- 
mum value immediately. This is shown in table 2 and figure 3. Decreasing 
the unit intake to 200,000 daily failed to have any significant effect on the 
vitamin A value of the milk fat. With each iiicremeiit decrease below’ 

200.000 units daily there wns a decrease in the vitamin A potency of the 
milk fat 

Following the period in which the daily unit intake had been reduced to 

50.000 units the cow^ was again placed on the vitamin A deficient ration for 
21 daySj during wdiieli time the vitamin A potency of the milk fat dropped 
to a low level (14 units). Following this depletion period 100,000 and 

200.000 units w^as again included in the ration in tw^o successive 21-day 
periods. 

As can be seen in table 2 and figure 3 there wms a slight lag in the restora- 
tion of the vitamin A potency of the milk fat followung this depletion period. 
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This was probably due to the use of a portion of the vitainiii A intake for 
repletion of body tissues. It should be noted, however, that when 200,000 
units were fed daily the vitamin A value of the milk fat again approached 
its maximimi value. 

It has been generally recognized that there exists a threshold level for 
the secretion of vitamin A in milk fat above which more vitamin A or caro- 
tene in the feed does not affect the vitamin A potency of biitterfat (1, 2, 6, 7). 
On the other hand, Deuel et aL (3) failed to show a definite threshold level 
in their experiments when the}" reported that the feeding of shark liver oil 
produced butterfats of exceptionally high vitamin A potencies as determined 
by colorimetric and spectrophotometric methods. Riisoff et al. (7) reinves- 
tigated this problem and found that feeding 2,144,000 units daily failed to 
raise the vitamin A potency of the milk above the characteristic threshold 
level when the vitamin A potency was measured by biological assays. 
Jensen et al, (5), while studying the effect of feeding shark liver oil, found 
a threshold level in the vitamin A content of blood plasma. The results of 
our experiments indicate that a definite threshold level for vitamin A does 
exist. Under the conditions of these experiments, a daily intake of approxi- 
mately 200,000 units of vitamin A per se or 550,000 units of carotene are 
required to reach this threshold level. 

The minimum vitamin A requirement of dairy cows for the secretion of 
butterfat of maximum vitamin A value has been found to be approximately 
200,000 units daily when the source of vitamin A in the diet is vitamin A 
per se and 550,000 units when supplied by carotene in dehydrated alfalfa 
hay. This would indicate that on the basis of daily unit intake, carotene is 
only about one-third as effective as vitamin A. Similar differences in effec- 
tiveness of these two sources of vitamin A have been reported by Guilbert 
et al, (4) -when they studied the minimum carotene and vitamin A reqiine- 
ments of cattle, sheep and swine for the prevention of night blindness. 

Although there appears to be a difference in the vitamin A requirements 
of the dairy cow when vitamin A per se or carotene are fed, it is conceivable 
that the actual physiological requirement is the same. The difference in 
effectiveness may be due to lower metabolic efficiency in the utilization of 
carotene or possibly to relative unavailability of the carotene in plant tissue. 

SUMMARY 

1. Feeding experiments have been completed to determine the minimum 
vitamin A requirements of dairy cow-s for the prodnctioii of butter of maxi- 
mum vitamin A value. 

2. When the source of vitamin A in the ration was vitamin A per se 
(fish liver oil), this requirement was satisfied with a daily intake of 200,000 
units. 

3. In this series of experiments, vitamin A per se was found to he ap- 
proximately three times as effective as carotene in dehydrated alfalfa ha}". 
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THE VITAMIN A RBQUIKEMBNTS OP DAIRY COWS FOR PRO- 
DUCTION OF BUTTBRPAT OF HIGH VITAMIN A VALUE. 

III. AVAILABILITY OP CAROTENE IN DEHYDRATED 
ALFALFA HAY AS COMPARED WITH 
CAROTENE IN OIL" 

S. M. HAUGE, R. J. WESTFALL, J. W. WILBER and J. H. HILTON 

Departments of Agricultural Chemistry and Dairy Husbandry, Durdue University 
Agricultural Experiment Statiori, Lafayette, Indiana 

111 previous reports (4, 9), it has been shown that the apparent vitamin 
A requirement of dairy eows for the secretion of milk fat with maximum 
vitamin A value depends upon the source of the vitamin A in the ration. 
When the source of vitamin A in the ration was carotene from dehydrated 
alfalfa hay, it was found that the daily requirement was approximately 
550,000 Sherman units (9). With vitamin A per se this requirement w^as 
satisfied with a daily intake of approximately 200,000 units per day (4). 
Similar differences in the relative eflSeieney of utilization of carotene and 
vitamin A by cattle, sheep and swine have been reported by Guilbert et 
al (2).. 

Carotene in some plant tissues has been found to be less effective biologi- 
cally than would be indicated by analyses. "Wide variations in the effi- 
ciency of utilization of carotene from different plant sources have been 
reported by Smith and Otis (8) and by Graves (1). 

The purpose of this investigation was to compare the availability and 
efficiency of utilization of crystalline carotene with carotene in dehydrated 
alfalfa hay for the production of milk fat of high vitamin A value. . 

EXPERIMENTAL 

Two groups of two Guernsey eows each were used in the feeding trials 
to determine the relative availability of the carotene in dehydrated alfalfa 
hay as compared with crystalline carotene in oil. The cows were similar in 
respect to stage of lactation, milk production and body weights. The body 
stores of vitamin A in the eows were depleted in a preliminary feeding 
period by feeding a vitamin A deficient ration consisting of beet pulp and 
a grain mixture of 400 lbs. white corn, 200 Ihs. oats, 150 lbs. linseed oil meal, 
bone meal and salt. In successive feeding periods, the carotene of the hay 
and the carotene in the oil were equilibrated at levels of 130, 200, 300, and 
200 milligrams daily during the respective feeding periods of 21 days each. 

The dehydrated alfalfa hay was sacked immediately after dehydration 
and stored. Prior to each feeding period, sufficient number of sacks of hay 
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for tlie next feeding period were set aside, carefully saini3led, and analyzed 
for carotene. In preliminary determinations of carotene it was observed 
that the Peterson-Hiigiies method (6) gave consistently higher values than 
the methods of Hegsted, Porter and Peterson (3) and Moore (5). Since in 
each of these procedures a different principle is involved for the removal of 
the iion-earoteiie eliroinogens, tests were made to deteimiine the effectiveness 
of each procedure. Samples of dehydrated alfalfa hay were extracted ac- 
ctording to the Peterson -Hughes procedure. The final petroleum ether 
extracts were washed with water and made to volnnie. Critical studies upon 
aliquots from these solutions disclosed that extraction of the iion-earoteiie 
pigments with 94 per cent diaeetone alcohol or by adsorption upon a dical- 
ciiiiii phosphate eolumii were equally effective and gave carotene values in 
close agreement, while extraction with 90 per cent methanol failed to remove 


TABLE 1 

A comparison of the relative availahilitif of carotene in dehydraied alfalfa hay 
and crystaUine carotene in oil 


j 

Period 

Group ' 
No. 

Carotene supplement* 

Butterfat 

Dehydrated | 
1 alfalfa hay j 

Carotene 
(in oil) 

Sample 

No. 

Yitaniin A potency 



mg. per day 

mg. per day 


Sherman units per gram 

1 

^ j 

None 

None 

1 

11 


2 - 

None 

None 

9 

13 ' 

o 

I i 

130 

None 

3 

19 


2 

None 

130 

4 

19 

3 

1 ' 

200 

None 

0 

32 


2 i 

None 

200 

6 

1 34 

4 : 

1 I 

300 

None 

7 

! 37 


2 i 

None 

300 

8 

36 

5 

1 

1 None 

None 

9 

22 


2 : 

1 None 

None 

10 

21 

e 

1 ^ 

None 

200 

! 11 

32 


I 2 

200 

None 

; 12 

33 


* nation consisted of beet pulp and a grain ration consisting of 400 lbs. wliite corn, 
200 lbs. oats and 150 lbs. linseed oil meal. 


some of the pigments and gave higli carotene values. When these latter 
solutions were purified by further treatment with either diacetone or dical- 
ciuin phosphate, the carotene values were lowered to agree with the others. 
Therefore, in these experiments, the carotene values obtained by the Moore 
procedure (5) were used in calculating the amounts of hay to be fed daily 
to the cows. 

The crystalline carotene in oil was purchased from the National Eesearch 
Associates, Inc., as a product known as ‘^KesearelP^ Carrot Oil which had 
been prepared from carrots as a thick suspension of crystalline carotene in 
oil, (approximately 3.2 per cent carotene). Upon receipt of the oil, it was 
removed from the container, thoroughly mixed and bottled in 250-ml. brown 
bottles under an atmosphere of nitrogen. Samples were taken from a nnm- 
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ber of bottles for carotene analyses. These gave concordant results, indi- 
cating that the distribution of carotene was uniform. To prevent deteriora- 
tion, the carrot oil was kept in cold storage until used. 

For the carotene analyses, aliquots were dissolved in petroleum ether 
and the carotene determined with a Bausch and Loinb Speetrophotoiiieter, 
By passing the petroleum ether solution through a dicalciiim phosphate col- 
umn to remove the non-carotene pigments, it was found to contain 5 per cent 
impurities. According to the chromatographic analyses which were made 
by J. W. White, Jr., the carotene was composed of 25.2 per cent alpha- 
carotene and 74.8 per cent beta-carotene. 

Since alpha-carotene possesses but half the biological activity of beta- 
carotene, it was necessary to equilibrate the carotene of the carrot oil to a 
biological equivalence of beta-carotene. On the basis of these corrected 
carotene values, the requisite amount of carrot oil for each feeding dose was 
weighed into No. 10 gelatin capsules and fed to the cows. 

At the end of each feeding period 24-honr composite samples of milk 
from each group 'were collected and the cream separated and churned into 
butter. The butter samples w’ere stored at -18° C. and the portions were 
removed as needed for biological assays. The biitterfat w'^as heated to 55° 
C. and filtered to remove curd and water. The results of the biological 
assays of the butterfats are given in table 1. 

DISCUSSION 

In previous experiments (4, 9), it was found that the carotene of dehy- 
drated alfalfa hay was only about one-third as efficient as vitamin A per se 
as a source of vitamin A in the rations of dairy cows for the production of 
milk fat of maximum vitamin A value. This difference might be due either 
to the relative unavailability of carotene in the plant tissue, or if available, 
to differences in the metabolic efficiencies. A comparison of the availability 
of crystalline carotene and the carotene in plant tissue should give an insight 
into this problem. 

To test these possibilities, it was imperative that comparisons be made at 
levels which 'would be potentially capable of producing differences in the 
vitamin A potencies of the butterfats. If comparisons were made at too low 
levels, it is conceivable that differences might exist which would not be re- 
flected in the vitamin A potencies of the butterfat. Likewise, if comparisons 
were made at levels above the minimum requirements of the cow for the pro- 
duction of butterfat of maximum vitamin A value differences would not be 
measurable. Therefore, levels of carotene intake were selected which might 
be expected to be intermediate between these two points. 

The results of these experiments, as shown in table 1, indicate that the 
dairy cow can utilize the carotene in alfalfa hay as readily as isolated caro- 
tene for the production of butterfat of high vitamin A value. It is interest- 
ing to note that the vitamin A potencies of the butterfats produced by the 
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two groups on eacli of the different levels were very similar. This is true 
even when the two groups were reversed in p^uod 6. 

Ill experiments to determine the m&^ini%i carotene requirements of 
cattle,, swuiiOj and sheep for the prevention^f night blindness, Giiilbert et al. 
(2) found that the requirements were ‘practically the same when the caro- 
tene was furnished hy alfalfa or by crystalline carotene dissolved in cotton- 
seed oil. 111 experiments to determine the requirements of chickens for 
vitamin A when fed as carotene, Sherwood and Fraps (7) found that there 
was no apparent difference in the effectiveness of carotene supplied in alfalfa 
meal or by crystalline carotene in oil. 

Considering the evidence from all these experiments, it is apparent that 
the difference in effectiveness of carotene in alfalfa hay and vitamin A per 
se is not due to the unavailability of the carotene in the plant tissue but 
rather is due to differences in the metabolic efficiencies. 

SUMMARY 

1. Experiments have been conducted to determine the relative availabil- 
ity of carotene in dehydrated alfalfa hay as compared with isolated carotene 
(in oil) as a source of vitamin A in the rations of dairy cows. 

2. Two groups of cows were used in these experiments. Each group of 
cows was fed equal amounts of carotene at levels of 130, 200, and 300 milli- 
grams daily. 

■ 3. The results of these experiments indicate that dairy cows can utilize 
the carotene from the alfalfa hay as readily as isolated carotene. 
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TEMPERATURE ERRORS IN WEIGHING AND THEIR CONTROL 

IN THE MOJONNIER FAT TEST 


B. L. HEREIXGTON 

Department of Dairy Industry, Cornell University, Ithaca, New Yorlc 

Tlie Mojonnier test for fat is one of the most accurate methods available 
for the analysis of dairy products. Nevertheless, analyses of duplicate sam- 
ples made in different laboratories sometimes differ widely. It is the pur- 
pose of this paper to present data concerning one source of error in this test, 
temperature variations ; and to describe an improved method of temperature 
control for Mojonnier machines. 

EXPERIMENTAL 

Experiment 1 

It is a common observation that the weight of Mojonnier fat dishes can 
be reduced by wurming. This is easily explained. When the dish is 
wanned, the air in it expands, and a part of it is expelled from the dish as 
effectively as if a cover had been placed over it and a part of the air had 
been removed with a vacuum pump. As a result, the dish will appear 
lighter in weight. In order to avoid such errors, the temperature of the air 
inside the dish must be the same as that of the air surrounding the dish. 

Quantitative data on the relation between temperature and weight were 
obtained by weighing dishes first at one temperature and then at another. 
This was accomplished by placing two Mojonnier machines side by side and 
adjusting the water in one reservoir so that ‘it was about 3° C. above the 
temperature of the water in the other machine. Pour clean fat dishes W’ere 
placed in the cooling oven of the wainner machine and, after 10 minutes, 
each dish was weighed. Immediately after weighing, the dishes were placed 
in the cooler machine. When all of the dishes had been weighed from the 
warmer machine, they were re- weighed from the cooler machine. This pro- 
cedure of weighing the dishes first from one machine and then the other yvm 
repeated several times. The data are shown in figure 1. The upper line 
indicates the successive temperatures at which the dishes were equilibrated. 
The lower line shows the average weight of the four dishes after equilibrat- 
ing at the temperature shown above. It is evident that a variation of only 
one degree in temperature may cause a change of approximately | mg. in 
weight. This is equivalent to an error of .07 per cent of fat when testing 
heavy cream. 

Experiment 2 

It seemed desirable to find a method of reducing errors caused by im- 
proper temperature of the cooling oven. Two procedures were tried. First, 
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Fig. 1. Variation in the ’^reigiit of Mojoiinier fat dishes (below) due to variation in 
temperature of the dishes (above). (Actual average weight, 36.0600 grams plus the 
value shoTO.) 

experiment No. 1 was repeated except that each dish ■was "waved slowly 
through the air for fifteen seconds immediately before it was weighed. Sec- 
ond, the dishes were removed from the cooling oven and, before weighing, 
they were placed for two minutes upon a large sheet of iV-ineh thick alumi- 
num. This sheet was supported only at the corners so that air could circulate 
around it freely. 

The data are presented in figures 2 and 3. It is evident that both pro- 
cedures reduced the error due to improper machine temperature, but even 
the second procedure was not entirely adequate. 

Experiment 3 

An examination of figure 1 shows that there was a constant dilferenee in 
w^eight of about 2 mg., depending upon whether the dishes w^ere weighed 



Fig. 2. Fig. 3. 


Variation in the weight of Mojonnier fat dishes (below) after tempering in oven at 
the temperature indicated above. Figure 2, dishes waved in air fifteen seconds before 
■weighing. Figure 3, dishes left on metal plate for two minutes before weighing. 
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from tlie cold or the 'SYarm machine. It is evident, also, that all the dishes 
tnereased in weight in successive weighings at the same temperature. This 
slow increase in weight was due to a change in the temperature of the labo- 
ratory. The actual change in temperature is recorded by the broken line in 
the upper part of figure 1. It must be remembered that an error in weight 
may occur if either the temperature of the room, or the temperature of the 
dishes, is changed. 

The following procedure was used to measure the effect of changes in 
room temperature upon the weight of fat dishes. A set of four dishes was 
placed in a Mojonnier machine. The water in this machine was held at a 
constant temperature while the room was warmed slowly by steam radiators. 
Three electric fans were used to distribute the heat uniformly through all 
parts of the laboratory. At intervals, the dishes were removed from the 
machine, weighed at once, and then returned to the cooling oven. The 
broken line in figure 4 shows the relation between the weight of the dishes 
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Fig. 4. The relation between the weight of Mojonnier fat dishes and increases in the 
laboratory temperature. (Machine temperature held constant.) Broken line: weighed 
direct from cooling oven. Solid line : held on metal plate for two minutes before weighing. 

and the increase in the temperature of the room. The water temperature 
remained constant within 0.1^ G. 

This experiment was repeated with one change in procedure. Before 
weighing, each dish was placed on the large aluminum sheet for a period of 
two minutes. These data are shovui by the solid line in figure 4. 

Experiment 4 

The Mojonnier machine is designed to bring all dishes to the same tem- 
perature before they are weighed. Unfortunately, in most cases, this is not 
room temperature. In those laboratories w’here the temperature varies con- 
siderably during a 24-hour period, this may lead to appreciable errors. If 
error is to be avoided, the dishes should be brought to the temperature of 
the balance, regardless of what that temperature may be, before the dishes 
are weighed. To accomplish this, some means should be provided for main- 
taining the cooling oven always at room temperature. It would seem much 
wiser to circulate the cooling water through an air-cooled radiator than to 
use a large water reservoir in a Mojonnier machine. 




70 


B. L. HERRINGTOK 


This idea was tested by substituting a small radiator from an automo- 
bile heater for the water reservoir of one machine. Air was blown over the 
radiator by an electric fan. A standard Mojonnier machine was used as a 
control in comparison with this air-cooled machine. 

Two sets of clean fat dishes were used, one set for each machine. The 
experiment was divided into four periods : 

1. All dishes were left on top of the balance ease until they showed con- 
stant weight. This may be considered the true weight of the dishes, free 
from temperature errors. 

2. Each set of dishes was weighed several times from its own cooling 
oven to get an average valtie which “was reproducible. Since the cooling 
ovens had not been adjusted to exactly room temperature, these weights 
differed from the true weights. 

7 

3 


/ 

Fig. 5. A comparison of the ability of a tank-controlled machine and a radiator- 
controlled machine to maintain dishes at constant weight when the room temperature 
varies. Period 1, dishes at room temperature. Period 2, dishes weighed from cooling 
oven. Period 3, laboratory cooled 5° C., dishes again weighed from oven. Period 4, dishes 
at room temperature (5° C. lower than during period 1). 

3, The laboratory was cooled 5° C. during a period of 90 minutes. Pour 
electric fans were used to maintain uniform temperature distribution 
throughout the laboratory. “When the room had been cooled, the dishes were 
weighed again from their respective ovens. 

4. The fourth and final set of weighings was made after the dishes had 
rested upon the top of the balance case long enough to come to the tempera- 
ture of the room. This set of weighings is comparahle with the first except 
that the laboratory had been cooled 5° C. 

The data are presented in figure 5. It is evident that the use of an air- 
cooled radiator in place of a water reservoir on a Mojonnier machine would 
be quite helpful in any laboratory which is subject to temperature variations. 

Experiment 5 

a further test of the ability of the small radiator to maintain the 
cooling oven at room temperature, the room was cooled very rapidly, and 
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Fig. 6. The eomparatire rates of temperature adjustment of a tank-controlled 
niaehine and a radiator-controlled machine during a period of rapid change in laboratory 
temperature. 

records ivere kept of tlie temperature of the room, the temperature of the 
water eireiilatiiig through the cooling oven of a standard Mojonnier ma- 
chine, and the temperature of that circulated through the oven of the air- 
cooled machine. 

The data are shown in figure 6. It is evident that the radiator was too 
small to keep up with such rapid changes in room temperature though^ in 
this respect, it was far superior to the reservoir on the other machine. 

Experiment 6 

The magnitude of the error due to improper temperature of the dishes 
is dependent upon the speed with which they are weighed. If the operator 
were slow enough, the dishes could come to room temperature while he was 
adjusting weights. In all of the experiments reported thus far, the actual 
weighing was performed as ra|)idly as possible, but no time records were 
kept. 

An experiment was carried out to determine the effect of speed of weigh- 
ing upon the errors in weight. Dishes were removed from an oven which 
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Fig. 7. Tbe rate of cooling of two Mojonnier fat dislies in tbe balance ease as mea- 
sured by differences between tbe weight observed at various intervals after removing from 
the Mojonnipr machine and tbe final equilibrium weight. 




72 


B. L. HERRIKGTOJSr 


was slig'Iitlj -warmer tiian the room and placed at once upon a balance. Ap- 
parent weights were recorded at intervals for thirty ininiites, or until the 
weight remained constant. The final w^eight was considered the true oiiCj 
and the errors of earlier weighings w'ere calculated accordingly. Such 
ineasureiiients indicate how’ slowdy the dishes acquire the temperature of the 
balance ease. It was found that different dishes cooled at different rates. 
Typical data are shown in figure 7. To permit the use of a larger scale in 
plotting, data are given for only the first ten minutes of the cooling period. 

SUMMARY 

Errors in Mojoiinier fat tests msiy occur whenever the temperature of 
the room varies during the course of the analysis. Data are presented show- 
ing the niagiiitude of such errors. 

It wonld he preferable to eirenlate the water for a Mojonnier machine 
through an air-cooled radiator instead of through a reservoir. Data are 
given showing the advantages of sneli a device. 
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INTRODUCTION 

Tlie butter industry early recognized tliat tlie type of souring in cream 
largely determines the flavor of butter freshly prepared from it^ and at- 
tempts were made to control the souring of raw cream intended for churn- 
ing by addition of clean-flavored sour milk or cream, buttermilk from a 
ehurniiig of good butter or some similar material. Although pasteurization 
of cream for butter originally was intended primarily to improve the keep- 
ing qualities of the butter, it also peimiitted better control of the fermen- 
tation of the cream through use of selected cultures of bacteria in a medium 
relatively free of other miero-orgaiiisms. Pasteurization of cream and flavor 
development through use of selected cultures of bacteria increased simul- 
taneously in the butter industry during the final decade of the last centnry, 
each tending to complement the other under the general system of butter 
manufacture then followed, With the recognition of the relationship of 
high ehnrning acidities in cream to chemical deterioration in butter, nse of 
low acid cream, either sweet or neutralized, and changes in the methods of 
einplo^diig butter cultures were indicated and soon were widely followed. 

The present review deals with the general action of butter cultures in 
butter. It supplements a review (43) dealing with the bacteriology of 
butter cultures, including the chemical changes brought about in milk 
through activity' of the normal butter culture species. 

METHODS OF USING BUTTER CULTURES IN THE MANUFACTURE OP BUTTER 

Wiien butter cultures first came into general use, the common practice 
was to ripen the cream, either raw or pasteurized, to a comparatively high 
acidity and then cool and churn. On holding, butter made in this manner 
sometimes developed serious flavor defects because of the influence of acid 
on chemical changes in it and, accordingly, methods of employing cultures 
were developed which involved churning the cream at a relatively low 
acidity. 

The method of using cultures in a plant often is determined largely by 
the type of butter desired, as well as by the plant equipment and plan of 
operation. Salted butter for immediate consumption can be churned at a 
higher acidity, so that it will have more flavor, than butter to be stored for 
considerable periods during which serious chemical deterioration may occur. 
With unsalted butter, a high churning acidity ordinarib^ is employed 
because in the absence of added salt a high acidity is relatively unimportant 
as a cause of deterioration ; moreover, the flavor desired in unsalted butter 
intended for table use is best obtained through a high churning acidity. 

Salted Butter 

At present the more common methods of using butter cultures in the 
making of salted butter are 

1 A report involving a comparison of several .metliods of using butter culture is re- 
viewed under tbe method ■which gave the best results. 
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Adding blitter culture to pasteurized cream and holding the mixture 
cold for some hours. An important method of using butter culture is to 
add 2 to 8 or more per cent to pasteurized and cooled cream, hold the mix- 
ture cold for some hours, preferably overnight, and churn. While the added 
culture raises the acidity of the cream somewhat, there is no significant 
increase in acid during the holding because the low temperature largely 
prevents the action of the culture organisms. 

Wilster (138) noted the most improvement in the flavor of butter when 
the cream, Avith culture added, ivas held 16 hours below 40^ P.,^ or when the 
cream w’as ripened to 0.28 per cent acid (0.42% in the serum) and held over- 
night below 40° P. With these methods the average scores of the butter 
were increased nearly 1 point compared to butter made Avithout culture or 
to butter made AAith culture added to the cream immediately before churning. 

In 28 comparisons, Fabrieius and Hammer (33) found addition of 8 per 
cent culture to svi^eet or slightly sour cream 16. hours before churning gave 
butter significantly more often high in score than addition just before churn- 
ing ; this A\’as the case Avitli both the fresh and the stored butter. In 11 trials 
in AA’hieh acetylmetbylearbinol plus diacetyp determinations Avere made on 
the cream at churning, addition of culture 16 hours before cburning com- 
monly resulted in higher values than addition at churning. This was not 
the ease in tAA'O of the trials and Avith these the butter made by adding culture 
16 hours before churning scored the lower. In another series of experi- 
ments, no culture Avas added to one lot of cooled sweet cream and to other 
lots 8 per cent Avas added at Amrious periods before churning, the periods 
used in the eight trials including 3, 6, 16, 40, 64, 88 and 112 hours. Butter 
made AA'itli culture consistently scored higher than butter made AA'ithout cul- 
ture, both before and after storage. Holding peiiods greater than 16 hours 
Avere of no advantage. Amc + ac 2 contents of the cream at churning were 
sometimes increased and sometimes decreased by holding for the Amrious 
periods rvdth culture added. 

Wiley et al. (137) found that addition of 0.5 per cent culture to pas- 
teurized and chilled sAA'eet cream, Avith holding overnight at a low tempera- 
ture before churning, improAmd the flaAmr of butter. No acid developed in 
the cream under these conditions, although the resultant butter had a some- 
AA^hat ^'brighter’’ flaAmr than if made from sweet cream alone. 

Pabrieius (31) stated that when culture is added to cream at 40® P. or 
below and the mixture held overnight at a low temperature, considerable 
amc usually is oxidized to aca- Later (32), he noted that addition of culture 
to pasteurized and cooled cream several hours before churning brings about 

2 AlthoBgli in tiie earlier review (43) temperatures are given on tUe Centigrade scale, 
the Fahrenheit scale is employed herein since so many of the xesnlta were reported on 
this basis. 

2 Throughout the remainder of the review acteylmethylearbinol = amc and diacetyl 

“ aCg. 
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little cliange in tlie acidity of the cream but usually gives definite increases 
in the aiiie -f ae 2 content. 

Adding butter culture to pasteurized cream and ripening somewhat* 
Because of the danger of accelerating chemical deterioration in butter, ex- 
tensive ripening of cream for salted butter is now rarely used. However^ 
at temperatures favorable for the culture organisms, such as 70° F., slight 
ripening sometimes is employed, particularly with butter intended for im- 
mediate consumption. Eipening of the cream commonly is followed by 
cooling to a temperature which will largely prevent the action of the culture 
organisms, after which it is held for some hours before churning. 

The Ontario Agricultural College (83) reported that an improved quality 
of butter for immediate consumption could be made from high acid cream 
by reducing the acidity, adding a good culture and ripening to a low acidity 
before churning. 

Jackson (52) compared the scores of butter made by adding 10 per cent 
culture to neutralized and pasteurized cream and ripening for 30 minutes 
mth the scores of butter made from neutralized and pasteurized cream with- 
out added culture ; he found practically no difference. 

White et ah (134) stated that ripening cream with culture, even to low 
acidities, improved the score of the fresh butter. In the experiments of 
"Walts (131) butter made from neutralized and pasteurized cream with cul- 
ture scored higher in all the trials than butter made without culture. The 
trials involved ripening the cream 2 hours at 65° F., ripening 12 hours at 
65° P., ripening to 0.30 per cent acid at 65° P., ripening 1 hour at 48° to 
56° P. and ripening overnight at 50° P. 

According to Lucas et al. (65) the average score of fresh butter from 
cream ripened to 0.30 per cent acid was higher than that from cream to 
which culture was added at the time of churning, that from cream to which 
culture was added just before working, that from cream ripened to 0.45 per 
cent acid and that from sweet cream (without culture). Butter from sweet 
cream lacked flavor and that from cream ripened to 0.45 per cent acid had 
an undesirable acid flavor ; after 30 days in storage, the latter had sugges- 
tions of fishy, unclean and tallowy flavors. The authors noted that even 
under ideal conditions it is unwise to ripen cream with culture, even moder- 
ately, if the butter is to be stored for any considerable period. 

Price et al. (96) compared butter manufactured with and without cul- 
ture. The culture wms added to pasteurized and neutralized cream when 
it had been cooled to 70° P. After holding at this temperature until 0.28 
to 0.30 per cent acid had developed, the cream was cooled to 35° to 40° P., 
held overnight and churned the following morning. Of 93 churnings, 59 
were made with culture added to the cream and 34 were made without cul- 
ture. The fresh butter made with culture ranged in score from 90.5 to 95 
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and averaged 93.03 ; butter made witiioiit culture ranged in score from 90.5» 
to 93.5 and averaged 91.96. After bolding 1 montli at 35 to 45 F., scores, 
of blitter made ivitli culture ranged from 89 to 94 and averaged 92.07 ; scores, 
of butter made without culture ranged from 89 to 94 and averaged 91.6. 
After holding 6 months at 0*^ to 10° F., scores of butter made with culture 
ranged from 90 to 94 and averaged 92.4; scores of butter made without 
culture ranged from 89.66 to 93.5 and averaged 91.63. From the frequency 
distribution of the butter scores, it was noted that 93.23 per cent of the 
scores of the fresh butter made with culture were 92 and above as compared 
to 61.77 per cent for fresh butter made without culture. After holding 
1 month at 35° to 45° F., 61.02 per cent of the butter made with culture 
scored 92 and above as compared to 49.98 per cent for butter made without 
culture. After holding 6 months at 0° to 10° P., 77.97 per cent of the butter 
made with culture scored 92 and above as compared to 44.12 per cent for 
butter made without culture. There was very little difference between the 
keeping qualities of butter made with and without culture. The scores of 
butter made with culture decreased more during holding 1 month and 6 
months, but at the end of each holding period a considerably larger per- 
centage of scores were above 92 than in the ease of butter made without 
culture. 

Eesults of Overman (86, 87) showed that butter having the highest 
initial score was churned from fresh cream separated from fresh, sweet 
whole milk. Butter made from pasteurized sweet cream after ripening with 
culture and partially neutralizing scored higher w’hen fresh than butter 
made from the same cream after spontaneous souring and neutralizing to 
the same acidity. 

Pabriciiis and Hammer (33) compared addition of 8 and of 10 per cent 
culture to cream after cooling with addition of 8 per cent culture to the 
cream at 70° P., ripening for 1 hour and then cooling. Eipening of the 
cream gave butter more often high in score than addition of 8 or of 10 per 
cent culture to the cooled cream, when the butter was fresh, after 6 weeks 
at 28° F. and after 6 months at 0° P. Differences in score, however, were 
only significant in the case of the butter held 6 weeks at 28° P. Another series 
of comparisons involved: (a) Addition of 8 per cent culture to pasteurized 
and cooled cream with holding at 28° to 36° F. j (b) addition of 8 per cent 
culture to pasteurized and cooled cream with holding at 41° to 52° P. ; and 
(c) addition of 8 per cent culture to pasteurized cream at 70° F. followed 
hj ripening for 1 hour, cooling and holding at 28° to 36° P. Butter from 
cream to which 8 per cent culture was added with holding at 41° to 52° P. 
and from ripened cream was more often higher in score than butter from 
cream to which 8 per cent culture was added with holding at 28° to 36° F. ; 
however, in no ease was the difference significant. • . 

Crossley (21) stated that when growth of the culture organisms is 
allowed to continue in cream after adding culture, production of ac 2 is in- 
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creased and full-flavored butter is obtained. Tlie acid developed during 
ripening, bowever, bas an adverse effect on the keeping qualities of the 
butter. 

Langton (59) noted that cream must be ripened in order to obtain full- 
flavored butter. Streptococcus lactis or Streptococcus cremoris plus flavor 
organisms ivere considered essential. Various strains of lactic acid strepto- 
cocci brought about appreciable differences in the flavor of butter. 

According to Fabrieiiis (31) when enltnre is added to cream at 70° F, 
and the mixture held 2 to 3 hours before cooling, the ae 2 content often 
decreases and the cream must then develop about 0.40 per cent acid before 
appreciable amounts of ac 2 are produced. 

Adding butter culture to pasteurized cream at churning. Butter cul- 
ture sometimes is added to pasteurized cream at the time of churning. From 
the standpoint of flavor of the bntter, both experimental results and com- 
mercial experience indicate that this is less desirable than holding a mixture 
of cream and culture cold for some hours before churning, but it may be 
necessary with limited vat space. It also avoids risking an increase in the 
acidity of the cream-culture mixture when the cooling and holding equip- 
ment are inadequate. 

Dean (28) noted that the flavor of butter made fx'om sweet cream with 
culture added at churning was better than that of butter made from sweet 
cream alone. Sweet cream churned with 27.5 per cent added culture gave 
better butter than ripened cream when the butter was fresh ; it also held its 
flavor better during storage. Rogers and Gray (104) found that butter 
made from pasteurized cream with culture added retained its fresh flavor 
better than ripened cream butter. 

Mortensen (80) compared butter made from sweet cream and from sweet 
cream to which culture was added before churning. Immediately after the 
butter reached the market, that made from sweet cream scored higher in 
8 of 32 trials, that made from sw'eet cream with culture added scored higher 
in 16 trials and the scores were the same in 8 trials. After 2 months in cold 
storage (0° F.), the sweet cream butter had the higher score in 10 of 35 
trials, that made from sw’ eet cream with culture added had the higher score 
in 20 trials and the scores were the same in 5 trials. After 9 months in cold 
storage, the sweet cream butter had the higher score in 11 of 22 trials, that 
made from sweet cream with culture added scored higher in 8 trials and the 
scores were the same in 3 trials. In another experiment, ripened cream 
butter was compared with butter made from sweet cream to which culture 
was added without ripening. Immediately after the butter reached the 
market, the ripened cream product had the higher score in 23 of 32 trials, 
that made from sw^eet cream with culture added scored higher in 6 trials, 
while the scores were the same in 3 trials. After 2 months in cold storage, 



ACTION OF BUTTER CULTURES IX BUTTER 


85 


tlie ripened cream butter bad the higher score in 10 of 35 trials, that made 
from sweet cream with culture added scored higher in 20 trials and the 
scores were the same in 5 trials. After 9 months in cold storage, the ripened 
cream butter had the higher score in 6 of 23 trials, that made from sweet 
cream with culture added scored higher in 16 trials and the scores were the 
same in 1 trial. 

According to Grimes (37) butter made from sweet cream to which cul- 
ture had been added wuthoiit ripening had a higher initial score than butter 
made from sweet cream. 

Lucas et aL (65) found that, after 30 days at 0® F., butter made from 
cream having culture added at churning scored highest, butter made with 
culture added just before working wms second, butter made from cream 
ripened to 0.30 per cent acid was third, butter made from sweet cream 
(without culture) was fourth and butter made from cream ripened to 0.45 
per cent acid was fifth. The butter made from cream ripened to 0.45 per 
cent acid declined in average score 1.7 points during the storage while that 
made from cream having culture added at churning decreased in average 
score 0.7 of a point. After 3 months in storage the average score of the 
butter made with addition of culture to the cream at churning was still 
highest; the butter was excellent and the average score had decreased 1.1 
points. Of almost equal quality was the butter having culture added just 
before workingj the average score having decreased only about 0.5 of a point. 
The sweet cream butter Tvas third and the ripened cream butter was last. 

Parsons (89) made butter from split vats of cream, with and without 
culture. The average scores of the fresh butter showed that culture ini- 
proved the product. In the individual comparisons butter made with cul- 
ture scored 0.20, 0.22, 0.27, 0.32 and 0.50 of a point higher than that made 
without culture. Butter made with culture appeared to be slightly more 
uniform and had a more pleasing aroma than butter made without culture. 
A wider difference in score in favor of butter made with culture was found 
with cream graded to make a 90 to 91 score product than with cream graded 
to make an 89 score product. 

A comparison, by Fabricius and Hammer (33), of addition of culture 
to pasteurized and cooled, neutralized sour cream at churning and 16 hours 
before churning indicated that addition at churning consistently gave butter 
lower in score. 

Crossley (21) found it desirable to make butter from sweet cream plus 
culture, rather than from ripened cream, in order to insure satisfactory 
keeping qualities during lengthy cold storage. When this procedure is fol- 
lowed, reliance is placed entirely on the flavor of the culture and well- 
ripened culture is of paramount importance. 

Davies (23, 27) stated that the most promising method of using culture 
consists of employing small quantities of special cultures which are allowed 
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to produce large amoiiiits of ae.j ; tlie culture is added to the. cooled cream 
and tlie mixture ehiirned without delay. 

According to Hiiuziker (48; p. 363) some buttermakers follow tbe prac- 
tice of adding culture to tbe cream just before cburning in order to avoid 
excessive acidities tbroiigb cream ripening. Use of 5 to 7 per cent culture 
usually raises tbe cream acidity approximately 0.03 to 0.04 per cent. Tbe 
flavor and aroma of tbe resulting butter depend solely on tbe degree to wbicb 
they are present in tbe culture. Hunziker concluded that tbe effect of cul- 
ture on tbe butter is slight, and it is questionable whether tbe practice is 
economically justifiable. 

Jacobsen and Evans (53) obtained a slightly higher general level of 
scores on butter made with culture than on butter made without culture, 
when the butter was scored fresh. 

Adding butter culture directly to butter. When cream vdtb added cul- 
ture is churned, a portion of the flavor constituents in the culture is lost in 
the buttermilk. Because of this undesirable partition, there have been vari- 
ous suggestions that culture be worked into the butter. With normal churn- 
ing procedures the amount of culture that can be added in this way is 
limited, if the usual composition standards are to be met ; with special churn- 
ing procedures the amount can be increased. Various butter experts origi- 
nally predicted that working culture into butter would have an undesirable 
•effect on the keeping qualities; in general, this has not been the case but 
with an unsatisfactory culture there may be dangers along this line. 

The Minnesota Agricultural Experiment Station (74) reported that 
working a small amount of culture into butter at the churn produced butter 
with a better flavor than that made from ripened cream. Lucas et ah (65) 
concluded that working culture into butter had practically no effect on the 
curd content or on deterioration. Bouska (10) suggested that the cost of 
culture can be reduced by working it into the butter. 

Hunziker (48; p. 364) stated that working the desired aroma substance 
directly into butter eliminates much of the added operating expense, avoids 
the quality- jeopardizing effect of high churning acidities and prevents waste 
cf the flavor principle. He suggested that instead of using water to wet the 
salt and bring the moisture content to the desired point, several gallons of 
culture be added to the butter with the salt. Culture so used assists some- 
what in freshening the flavor of butter made from unripened cream. It does 
not increase the acidity of such butter suflSciently to augment the danger of 
deterioration due to chemical reactions. The keeping qualities of butter so 
treated are similar to those of butter made from unripened cream without 
addition of culture. ' The resulting improvement in flavor, however, is slight ; 
the butter still lacks the full flavor and aroma of ripened cream butter. 
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Unsalted Butter 

Witli iinsalted butter intended for table use, a bigb. flavor is verj’ desira- 
ble and this necessitates bigb ripening of tbe creanij wbetber it is sweet or 
neutralized sour cream. Frequently tbe cream is ripened to 0.45 per cent 
acid or more, values wbicb often would be disastrous with salted butter 
because of tbe greatly accelerating effect of tbe aeid-salt combination on 
chemical changes in butter. In other eases much lower acidities are em- 
ployed. Some plants use lower ripening acidities in summer than in winter 
because during tbe warmer weather there is more opportunity for develop- 
ment of tbe culture organisms in tbe butter itself and this may lead to their 
overdevelopment, with resulting destruction of flavor constituents ( 43 ; 
p. 115). 

High ripening of cream for unsalted butter commonly is carried out at 
relativeh^ low temperatures, with tbe temperature often changing during the 
ripening period as the cream warms or cools from tbe air of the room. Fre- 
quently tbe temperature of tbe cream is adjusted to a point which will give 
tbe desired acidity during the normal bolding period, with tbe usual inocu- 
lation and usual room temperature ; in general, tbe point to which it is re- 
duced is lower in summer than in winter and there may be a shift from day 
to day as tbe acidities developed are too bigb or too low. 

Experiments condneted by Jackson (52) indicated that when cream was 
inoculated with 10 per cent culture, after being neutralized and pasteurized, 
and ripened 30 minutes at 70"^ F., tbe resulting unsalted butter was lower in 
score than that made from neutralized and pasteurized cream without added 
culture. 

Hunziker (48; p. 363) stated that, with unsalted butter, it is desirable 
to ripen tbe cream to a full flavor and aroma. Excellent results are obtained 
by low-temperature ripening, such as 50° to 55° F., overnight. With this 
method tbe cream usually shows a pronounced fla%"or and aroma tbe follow- 
ing morning and an acidity of about 0.35 to 0.45 per cent. "With ripening 
at higher temperatures (60° to 70° F.), tbe aroma character tends to be 
someAvhat more pronounced and tbe acidity some'wbat higher (0.5 to 0.65%). 

Hedrick and Hammer (45) studied the effect of ripening cream to vari- 
ous acidities on its ac 2 and amc contents. Results of ten semi-commercial 
trials on cream (seven on sweet cream, three on neutralized sour cream) 
ripened to various acidities at temperatures from 50° to 55° F. showed an 
increase in ac 2 with an increase in acidity in nine trials (90%) and in amc 
in seven trials (70%). Some of tbe increases w^ere small. Ae 2 decreased 
in one trial ( 10 %), tbe drop being from 1.88 to 1.49 ppm. with a change in 
acidity from 0.37 to 0.49 per cent, and amc in three trials ( 30 %). 

With unsalted bntter that is being stored for reconstitution into cream, 
ice cream mix, etc., small amounts of culture sometimes have been used, tbe 
idea being to improve the keeping qualities of tbe product. Tbe culture has 
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beeE added at eliiiriiing\ or some hoars before eiiiiriiing Miieii tiie cream tem- 
perature is low, a significant increase in acid being earefiill}^ avoided. 

USE OP SPECIAL CULTURES IN BUTTER . MANUFACTURE 

Special eiiltiireSj instead of the usual butter cultures, occasionally have 
been employed in butter manufacture, mainly on an experimental basis. 
They include pure cultures of the normal butter culture organisms and of 
various closely related species, in some instances the pure cultures being 
given special treatments intended to intensify flavor development in them, 
and also butter cultures grown under special conditions. Certain of the 
special cultures eventually may prove of value in commercial butter manu- 
facture. 

Hammer (38) found that addition of Streptococcns cifrovorus and sterile 
lactic or citric acid to pasteurized cream resulted in a significant increase 
in score of the resulting butter; the increase over the control was greater 
with 0.2 per cent citric acid than with 0.1 per cent. Without added acid the 
organism gave a slight increase in score. Similar results were obtained with 
Streptococcus paracitrovorus. S. lactis gave a better flavor and aroma with 
sterile citric acid added to the cream than without the acid, but the flavor 
and aroma of the resulting butter were not as good as those produced by 
8, ciirovorns and added citric acid. Addition of sterile citric acid without 
any inoculation gave a higher score than when 8. lactis was used without 
added acid. Later, Hammer (39) noted that considerable flavor and aroma 
could be produced in butter by growing one of the flavor organisms (8. ciiro- 
vorus or 8. paracitrovorus) alone in cream that had been carefully pasteur- 
ized. A small amount of citric acid added to the cream before inoculation 
resulted in excellent flavor in the butter. 

Bogdanow (8) made butter with 8. lactis, with 8. oremoris and with 
flavor organisms. The best flavor was obtained with 8, lactis p however, the 
butter showed the least storage capacity. Butter made with flavor organ- 
isms alone had no flavor when fresh and scored lowest. 

In the experiments of Haddock (66), butter of exceptionally fine flavor 
was produced in laboratory tests by use of pure cultures of S. paracitro- 
vorus, However, under practical conditions the uncertainties were too great 
to warrant its general use, the organism being unable to compete successfully 
with the contaminants encountered in practice. 

Pabricius and Hammer (33) compared the use of no culture, regular 
butter culture and modified butter culture which was prepared as follows : 
Whole milk was heated to 180° P. for 1 hour, cooled to 70° P. and inocu- 
lated with a pure culture of 8. paracitrovorus in sterile railk. After incu- 
bating 24 hours at 70° P., 0.30 per cent sulfuric acid and 0.15 per cent citric 
acid were added. The culture was incubated another 24 hours at 70° P. and 
then eooled to 40° P. With sweet cream, modified culture gave butter sig- 
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iiificaiitly Hglier in score than regular culture when the butter was fresh 
and also after holding a few weeks at 28° F. Eegular culture gave butter 
significantly^- higher-in score than no culture when the butter was fresh ; after 
holding at 28° F. the difference was not significant, although the higher 
score was more often obtained with the culture. Modified culture gave 
butter significantly higher in score than no culture when the butter was fresh 
and also after holding at 28° F. Trials involving sour cream showed identi- 
cal results. Comparisons also were made using no culture, regular culture 
and regular culture neutralized to 0,30 per cent acid. With sweet cream, 
regular culture and regular culture neutralized gave butter that did not 
differ significantly in score when fresh or after cold storage ; after holding 
at 28° F. the butter made with neutralized culture was significantly higher 
in score. Butter made with regular culture was significantly higher in 
score than that made without culture when fresh, whereas after holding at 
28° F. or after cold storage the difference was not significant. Butter made 
with regular culture neutralized was significantly higher in score than that 
made with no culture when fresh and after holding at 28° F., but after cold 
storage the difference was not significant. Trials involving comparisons of 
no culture, modified culture and modified culture neutralized were made 
with sweet cream. Butter made with modified culture was more often higher 
in score than that made with modified culture neutralized, both after hold-, 
ing at 28° F. and after cold storage; when scored fresh the numbers of 
higher scores were equal. Differences were significant only mth the cold 
storage butter. Modified culture and also modified culture neutralized gave 
butter significantly higher in score than no culture in all cases. However, 
the difference was significant only in case of the fresh butter. Another 
series of trials involved adding regular butter culture and pasteurized butter 
culture to sweet cream. The pasteurized culture was made by heating 
ripened culture to 145° F. for 30 minutes and filtering off the curd. The 
serum was cooled to 40° F. and used in cream. Butter made with regular 
culture was more often higher in score than butter made with pasteurized 
culture when fresh, after holding at 28° F. and after cold storage; differ- 
ences were significant when the butter was fresh and after holding at 28° F. 

Matuszewski et aL (69) made laboratory churnings using 5 per cent of a 
culture of Streptococcus diacetilactis to ripen the cream to about 0.5 per 
cent acid at 68° F. Flavor of the butter was good, but at times was too high, 
especially after 3 to 5 days at 50° to 59° F. "When S. diacetilactis was used 
in combination with S, cremoris and S, citrovorus^ there was an improvement 
ill the butter compared to butter made with regular culture. 

Comparisons were made by Brewer et ah (11, 12) to determine tbe 
quality of butter produced by use of aerated-pressure butter culture. These 
usually were prepared by adding 2 per cent active culture to pasteurized 
skimmilk, although in some cases whole milk was used to prevent excessive 
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foaming’ during aeration. After inoculation the milk was divided, one por- 
tion being ripened with aeration under 60 pounds pressure, while the other 
was ripened as usual to serve as a control. The ripened cultures were cooled 
and then added to divided lots of pasteurized sweet cream. After appropri- 
ate holding, the mixtures were churned. Besults showed that aerated-pres- 
sure culture gave butter scoring 0.15 to 1 point higher than that made with 
regular culture ; with the aerated-pressure culture the flavor was higher with 
both sweet and sour cream butter. In trials in which 5 per cent regular 
eiiiture and only 2 per cent aerated-pressure culture were added to cream, 
the butter made with the aerated-pressure culture regularly had the higher 
flavor, 

Kliiibehaiidaiii (55) found that use of 8. citrovorus cultures, treated with 
citric acid or sodium citrate 24 hours prior to inoculation into cream, gave 
better flavor and aroma in butter than use of untreated cultures. The keep- 
ing qualities of such butter were not affected by the citric acid or sodium 
citrate. 

Davies (27) attempted to produce butter of average flavor and low 
acidity by use of pure cultures of Bctacocciis cremoris and 8. paraciirovorus. 
The cultures were employed successfully in the laboratory but became con- 
taminated in plants and finally were essentially regular butter cultures. 

STJEVWAL AND GROWTH OF BUTTER CULTURE ORGANISMS IN BUTTER 

Eapid growth of the butter culture organisms in milk, cream, etc., at 
favorable temperatures suggests that they would grow rapidly in butter. 
However, in the ease of salted butter the added salt is an important inhibit- 
ing factor and with both salted and unsaited butter the low holding tempera- 
tures often used and the small amounts of milk solids-not-fat present also 
■are of significance in limiting the growth. Butter culture organisms some- 
times survive for extended periods in butter. 

Salted Bidter 

Sayer et aL (109) found a rather regular decrease in, the numbers of 
lactic acid bacteria in butter during storage at 41° F. The decrease was 
related to the concentration of salt in the butter, higher concentrations 
giving greater decreases. Apparentl}’ the salt content was not the only 
reason for the decrease in numbei*s. 

Washburn and Dahlberg (133) reported that S, lactis withstood salt and 
low storage temperatures better than any other organism in butter. It was 
the only species appearing regularly in all lots of butter. After 304 days 
in storage, every lot of salted butter contained essentially only S. lactis. 
Brown et al (15) noted that lactic acid bacteria persisted in butter for as 
long as 275 days (in one case 426 days). According to the authors salt and 
low temperatures may cause such a slow rate of metabolism that relatively 
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little acid is produced and life of the cell is prolonged. Butter in storage 
showed a gradual decrease in the amount of lactose and a gradual increase 
in acidity. 

Grimes (37) found that butter made from cream* to which culture had 
been added, either without ripening or with ripening to various acidities, 
retained per ml. from 0.5 to 2.0 per cent of the culture organisms per ml. of 
the cream-culture mixture. The flora of the butter consisted of S. lactis and 
S, paracitrovorus^ 8. lactis making up 70 to 100 per cent of it. After 6 
months at “ 6° F. over 98 per cent of the bacteria had died. After cold stor- 
age, sweet cream butter often had a higher bacterial count than butter made 
from cream to which culture had been added. In general, it appeared that 
the normal flora of pasteurized cream found an acid environment unfavor- 
able; also, utilization of lactose by G. lactis and 8 . paracitrovorus was 
thought to be a factor. The flora of the butter when taken out of cold 
storage consisted chiefly of 8. lactis and acid-forming, non-eoagulating 
species. 8 , paracitrovorus usually was present. 8 , lactis was not found in 
pasteurized cream butter made without culture w*heii first manufactured but 
was found after cold storage. 

It was noted by Parfitt (88) that salted butter made with culture showed 
less variation in pH during storage than butter made without culture. 

In the trials of Nelson and Hammer (81) butter was churned under both 
laboratory and commercial conditions. With the laboratory butter, one 
series of trials involved butter made from cream of poor quality so that the 
microscopic count of the fresh control butter was high, considerable numbers 
of both streptococci and other organisms being present. During holding at 
69.8° P. the numbers of organisms in the control butter showed compara- 
tively little change. AYith three of the organisms (butter culture types) 
used in the cream, the butter showed fluctuations in the numbers of strepto- 
cocci during the holding in both the plate and microscopic counts, hut there 
were no definite trends evident. With the fourth culture organism used, 
each method of counting indicated a definite increase in the numbers of 
streptococci. Throughout the examinations the microscopic counts regu- 
larly were much higher than the plate counts with both the streptococci and 
the other organisms, and the ratio between the two was extremely variable. 
Another series of trials involved cream of very good quality and the micro- 
scopic and plate counts on the fresh control butter were low and did not 
show significant changes during the holding. With the butter made from 
cream inoculated with culture organisms, there was a general tendency for 
a decrease in the numbers of streptococci vfith both methods of counting, and 
the decrease definitely was greater on a percentage basis with the plate 
method than with the microscopic method. With butter made under com- 
mercial conditions, the general change in the numbers of streptococci, as 
shown by the microscopic counts, was a decrease that commonly was exten- 
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sive ; with certain samples it was vexy regulai’ while with others some fluctu- 
ation occurred. Tilth several samples there was a suggestion of a small 
increase in the iiiiinbei-s of streptococci after 1 clay, but the eYidenee was not 
at all eonvinemg. Plate counts showed the same general changes in num- 
bers of organisms. The streptococci appeared to be greatl^^ autolyzed and 
the chains seemed to be shorter after 7 days than after 2 clays. 

UnsaUed Butter 

Rahn et al. (100) noted that ail lots of butter made without salt and 
stored at 42.8° P. showed a veiy high increase in acidity, compared to lots 
of salted butter. TVhen held at 21.2° P. the unsalted butter showed a 
slightly higher increase in aeidit}’ than the salted butter. 

Nelson and Hammer (81) found a definite development of the bntter 
culture streptococci in unsalted butter held at a favoi'able growth tempera- 
ture. It was evident fi’oni both plate and microscopic counts on butter pre- 
pared in the laboratory, using a pure culture of S. lactis or one of the flavor 
organisms, and also on butter prepared under commercial conditions with 
butter culture. Grox-^dh i^esulted in the presence of long chains of strepto- 
cocci and these were striking evidence of multiplication since they were not 
found in the salted butter or in butter (salted or unsalted) made without 
addition of organisms to the pasteurized cream. In the unsalted butter 
there also was extensive growth of organisms other than streptococci, as 
shown by both plate and microscopic counts. 

Hammer (42) noted that in unsalted butter made with butter culture 
and held at 69.8° P., acidity of the serum increased more rapidly and 
reached higher final values in underworked butter than in thoroughly 
worked butter ; the relationship was evident with either a small or a large 
inoculation of the cream. 

Effect of reworking on changes in the pH of serum obtained from un- 
salted butter made with culture was investigated by Long and Hammer 
(64) ; pH determinations were made at once, at reworking and at different 
periods following the reworking. In the laboratory studies, some trials 
involved underworked and moderately worked butter, while others involved 
moderately worked and thoroughly worked butter. The more the control 
butter was worked, the slower were the decreases in pH of the serum. 
Reworking regularly resulted in a more rapid decrease in pH of the serum, 
and this was evident at each examination. In two trials on underworked 
and moderately worked butter the differences were considerable, while in 
one trial, also on underworked and moderately worked bntter, the differences 
were less extensive. In one trial the control portion of the thoroughly 
worked butter showed relatively little decrease in pH of the serum through- 
out the holding period, while the reworked portion showed considerable 
changej the final pH value of the serum of the reworked portion was rela- 
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lively liigii compared to those of underworked and moderately worked butter 
similarly treated, suggesting that thorough working of the original butter 
may tend to counteract the effect of reworking. Butter churned under com- 
mercial conditions with a relatively large amount of culture in the cream 
showed the same general decrease in, pH of the serum as butter made under 
laboratory conditions. 

SOURCES OF natural BUTTER FLAVOR 

With butter made from raw cream allowed to -sour spontaneously, the 
flavor is largely determined by the changes that go on during the holding 
of the cream, particularly^ those due to micro-organisms. When the fermen- 
tation is favorable the flavor of the butter is desirable, and when it is objec- 
tionable the flavor of the butter is undesirable. A desirable flavor is due 
to action of certain types of bacteria which include the species normally 
present in butter cultures and perhaps others as well. Actually, butter cul- 
tures were developed with the idea of duplicating the flavor of the best of 
the butter made from naturally soured cream. 

Butter made without culture from cream in which there has been no 
appreciable bacterial action has a flavor which is due to the milk constitu- 
ents, particularly the fat, plus flavoring materials absorbed or added during 
production and handling of the milk, cream or butter. The feed, season, 
stage of lactation of the cows and various other factors may influence the 
composition of the milk and the flavor of butter made from it. Even slight 
bacterial action in the milk or cream may modify the flavor. For many con- 
sumers, proper use of butter culture definitely improves the flavor. 

Conn (18) noted that the flavor of butter is not due to butterfat but to 
certain volatile products present in small quantities. The odors produced 
by various bacteria plainly indicated that volatile substances were being pro- 
duced during the ripening of the cream as a result of the fermentation. It 
was impossible to notice the odors produced by the growth of various species 
of bacteria without being convinced that they had something to do with the 
superior flavor of butter made from ripened cream. 

Euelile (108) indicated that the flavor of butter is dependent on the type 
of fermentation which occurs in the cream x)revious to churning. Hammer 
(41) stated that the desirable flavor and aroma of butter come from two 
main sources. With butter, made from cream in which there has been no 
development of micro-organisms, the desirable flavor comes from the milk 
constituents present, particularly the fat, while with butter in whose manu- 
facture culture has been used, the desirable flavor comes from the milk con- 
stituents and also from the products formed hy the culture organisms. 
Euehe (106) suggested that the flavor and aroma of butter are the grand 
total of the natural flavor of fat as it is normally produced by the' cow, plus 
the flavors of the ingredients added during manufacture, plus the flavors 
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and odors absorbed during liandling and storagCj plus flavors caused by 
activity of miero-organisms, plus flavors wMcii result from chemical changes 
ill the product. Neiiberger (82) noted that the amount of butter aroma 
depends on the season of the year and feed of the cows. 

Another general eonmient (103) stated that the flavor of butter is due 
primarily to tlie natural flavor of the cream from which it is elinrned. 
Butter made from cream in which there has been no bacterial fermentation 
has a characteristic flavor, agreeable but mild. The nature of the flavor is 
dependent to some extent on the feed and may be affected unfavorably by 
ingestion of highly-flavored feeds of various kinds. Fat is a solvent for 
many flavor and aroma-producing substances and the odors and flavors to 
which milk or cream may be exposed, as well as those formed in the serum 
b}” bacteria, yeasts or molds, may be carried into the butter. 

Results obtained by Sherwood and Hammer (113) suggested that sea- 
sonal variations in flavor and aroma of butter are not related to differences 
ill the citric acid content of the milk or cream. Experiments conducted by 
Steiiart (118) indicated that the composition of the fat is an important 
factor ill the production of aroma. 

EFFECT OF BUTTER CULTURE ON FLAVOR OF BUTTER 

Following the introduction of butter cultures, their use spread rapidly, 
W'hich definitely indicates they are of value in improving the flavor of butter. 
Many plants continue to use culture even when there are serious difficulties 
in the procurement of milk for it. In others, use of culture has been discon- 
tinued, the idea often being that culture increases the cost of butter manu- 
facture and that the flavor improvement obtained is not reflected in a price 
increase. 

Over the years there have been various reports covering the effect of cul- 
ture on the flavor of butter. A number of these are reviewed in the con- 
sideration of the methods of using butter cultures in the manufacture of 
butter but there are others of significance. 

Bouska (10) indicated that if butter made without culture lacks aroma, 
it is handicapped in maintaining its advantage as a spread for bread in 
competition with substitutes. 

Wilster (138) stated that many experienced ereamerymen and butter 
dealers believe the use of fine-flavored culture in first-grade, neutralized 
sour cream and in sweet cream results in butter which scores higher in flavor 
than that made without culture. When butter is sent to a scoring contest, 
culture is used with the majority of the churnings. The average score of 
butter made with culture usually is higher than that of butter made without 
culture. In a cold storage contest of the National Creamery Buttermakers’ 
Association at St. Paul, Minnesota, in 1924, culture butter averaged 0.93 of 
a point higher in score when fresh than butter made without culture. In a 
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similar contest at Cleveland, Ohio, in 1928, culture butter averaged 0.65 of 
a point higher in score when fresh than butter made without culture. At 
the Pacific International Dairy Products Show at Portland, Oregon, in 
1931, butter made with culture averaged 1.40 points higher in score than 
butter made without culture. At the Oregon Butter and lee Cream 
Makers ’ Annual Convention at Corvallis, Oregon, in 1932, butter made with 
culture averaged 0.67 of a point higher in score than butter made without 
culture. At the Pacific International Dairy Products Show at Portland,. 
Oregon, in 1935, butter made with culture averaged 0.80 of a point higher 
ill score than butter made without culture. 

Pabrieius (31) listed the arguments in favor of use of butter culture as 
follows : (a) Overcomes heated flavor, (b) decreases lime and burnt neutral- 
izer flavor, (c) helps to overcome some feed defects, (d) may help to over- 
come taliow^^ flavors and (e) in unsalted butter its use decreases danger of 
cheesy, putrid and surface taint flavors. The arguments against the use of 
butter culture were listed as follows: (a) Cost, (b) improper use may cause 
oily and fishy flavors, (c) accentuates some feed flavors, (d) good culture 
is difficult to make and (e) price differential on the market does not justify 
its use. 

Hoeeker and Hammer (47) found that butter made with butter culture, 
S. citrovorus^ S. paracitrovorus or Streptococcus citropMlus, usually con- 
tained relatively large amounts of ac 2 and amc and commonly placed high 
in a series of churnings. However, butter containing exceptionally large 
amounts of ae 2 and amc sometimes placed low and was criticized as being 
coarse, sour, oily or containing some other objectionable flavor. Butter 
made with S, diacetilactis usually contained large amounts of ac 2 and amc 
but often was placed low because of off flavors present. Butter made with- 
out culture or with Streptococcus aromaticus contained only small amounts 
of ac 2 and amc and usually placed low. 

EFFECT OF BUTTER CULTURE ON KEEPING QUALITIES OF BUTTER 

Consideration of the effect of butter culture on the keeping qualities of 
butter involves two distinct relationships. The first is the effect on the gen- 
eral score and concerns largely chemical changes in the butter, although 
with some lots of butter bacterial changes also are of significance, while the 
second is the effect in preventing certain bacterial defects of butter. 

071 General Score 

Use of culture in butter manufacture gives the product more flavor but, 
because of the influence of serum acidity on chemical changes, it may result 
in serious deterioration. In salted butter a high flavor due to culture and 
good keeping qualities over long periods are more or less incompatible. 
Present methods of using culture are intended to give as much flavor im- 
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proveiiieiit as possible witliout seriously afteetiiig keex}mg qualities, tlie 
period tlie butter is to be held being considered. 

It slioiild be recognized that serum acidity is only one of the factors in- 
volved in chemical deterioration in butter and that some of the changes 
attributed to aeid may have been greatly influenced by soDie other factor, 
such as containination with copper. A serum acidity which does not result 
in significant deterioration when the copper content of the butter is low may 
be veiy serious when the copper content is high (50). 

The early studies of Eogers and Gray (104) indicated that butter made 
from pasteimized cream with culture added does not have as good keeping 
qualities as that made without culture. A report from the Ontario Agricul- 
tural College (83) suggested that butter of improved quality may be made 
from high acid eream by neutralization and addition of good culture. A 
low cliiirning acidity was more favorable to good keeping qualities in butter 
than a high churning acidity. 

Morteiisen (80) found that butter made from sweet eream with culture 
added scored higher after 2 months at 0° F. than butter made without cul- 
ture, while after 9 months it scored lower. Butter made from sweet eream 
with culture added scored higher after 2 moiitlis and also after 9 months 
than blitter made from ripened eream. 

White et al, (134) stated that the improvement in flavor of fresh butter 
resulting from addition of culture to the cream usually is lost lYhen the but- 
ter is placed in cold storage. 

According to Lucas et al. (65) addition of a moderate amount of culture 
to cream before churning, or to the butter at the time of working, caused the 
butter to score higher after 3 months at 0° F. than if none had been used. 
Whether the aroma due to the culture covered the slight off flavors that 
normally develop in sweet cream butter during storage, or whether some 
inhibitory action took place when culture was used, the authors were unable 
to say. Ripened cream butter deteriorated more rapidly during storage 
than butter from sweet cream, butter from sweet cream with culture added 
just before churning or butter to which culture was added at the time of 
working. No relationship was found between use of culture and the iodine 
number of butterfat from the butter. The increase in acidity of cream 
obtained by using culture seemed to cause a slight increase in the acid num- 
ber of the fat. 

Results obtained by Hammer and Jensen (44) indicated no evident rela- 
tionship between acidity of butter culture and quality and keeping qualities 
of butter made with it from sweet eream pasteurized at 145° F. for 30 min- 
utes. When fresh, and also after storage, butter made with high acid cul- 
ture and butter made with low aeid culture ranked high or low approxi- 
mately the same number of times. The small variations noted in the 
deterioration of the butter in storage seemed to be due to much or little 
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deterioration in one or two lots and did not regnlarlj^ foEow differences in 
acidities of the cultures. There was no evident relationship between acidity 
of the culture and quality and keeping qualities of butter made from neu- 
tralized sour cream pasteurized at 145° F. for 30 minutes. A somewhat 
greater variation was noted in the deterioration during storage than with 
butter made from sweet cream, and the difference was most conspicuous in 
the butter made with high acid culture; however, the variation did not fol- 
low the acidities of the cultures. Acidity of the culture would not be ex- 
pected to have a great effect on the quality of fresh butter made by adding 
10 per cent* culture to pasteurized cream without ripening. With this 
method of manufacture, the flavor and aroma of the butter are directly in- 
fluenced by the flavor and aroma of the culture, so that with cultures of good 
quality variations in acidities would be comparatively unimportant. Neither 
would large variations in the deterioration of the butter be expected to follow 
variations in acidities of the cultures because the great dilution of the added 
culture with cream of a much lower acidity results in only very small dif- 
ferences in the acidities of the butter serum. Butter made from neutralized 
sour cream showed a somewhat greater variation in score decreases during 
storage than butter made from sweet cream; this may have been due to 
differences in the quality of the cream. 

Parsons (89) found little diffei'ence in keeping qualities of butter made 
with and without culture. 

Eesults of Overman (86, 87) showed that the lots of butter which held 
their score best were churned from fresh cream separated from fresh, sweet 
milk ; they were not salted and were salable after about 2 years in storage. 
Butter made from pasteurized sweet cream after ripening with culture and 
then partially neutralizing was correspondingly better than butter from the 
same lots of cream after spontaneous souring and neutralizing to the same 
acidity. Butter made from cream ripened with culture to 0.44 per cent 
acid and churned without neutralization scored higher and held its score 
better in storage than butter from the same lots of cream after ripening 
with culture to 0.61 per cent acid and churning without neutralization ; the 
latter was eorrespondingly better than butter from the same lots of cream 
after ripening with culture to 0.82 per cent acid and churning without 
neutralization. 

Bogdanow (8) reported that ripening cream with culture decreases the 
storage capacity of the butter. 

Templeton (121) found that the storage qualities of butter made from 
cream in which culture, containing added citric acid or sodium citrate, had 
been used were very good. This was indicated by the fact that numerous 
samples which had been in storage for 6 weeks received higher scores than 
when fresh. 

Wilster (138) noted that in the scoring contest conducted by the National 
Creamery Buttermakers’ Association at St. Paul, Minnesota, in 1924, butter 
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made witli culture scored 0.S7 of a point liigliex’ after 4 iiiontlis in storage 
than butter made without culture. In a similar contest at Cleveland, Ohio, 
in 1928, butter made with culture scored 0.61 of a point liigiier after 4 
months in storage than butter made without culture. Wilster stated that 
approximately 100,000 pounds of butter are made aiiiiiially in the Oregon 
State College creamery. Culture always is added to the cream and the 
cream is ripened to a serum acidity of 0.42 to 0.44 per cent. xVhoiit 15,000 
to 20,000 poiiiicls of blitter are stored during the smmiier for consumption 
in the fall. No objectionable flavors liad developed in the butter made dur- 
ing the 6 years in which culture had been employed. There was no marked 
decrease in the score of butter made with or without culture during 1 month 
at 35® to do®' F. However, a decrease in score was observed when butter 
was stored 6 nioiitlis at 0® to 10® F. The average decrease in score of the 
butter made without culture was 0.57 of a point. The average decreases for 
butter made with eiiltiire were 1.15 points when the cream was ripened, 0.74 
of a point when eiiltiire was added and the cream held cold 16 hours previ- 
ous to churning and 0.95 of a point when culture was added and the cream 
churned immediately ; the average scores after 6 months, compared to that 
of butter made without culture, were 0.30, 0.66 and - 0.06 of a point in favor 
of the respective methods of using culture. In one series of churnings, but- 
ter was made from 93 lots of cream, culture being used with 59 and no cul- 
ture with 34. When the butter 'was stored 1 month at 35® to 45® F. and 
6 months at 0 ® to 10 ® P., the average scores of the butter made with culture 
were higher than those of the butter made without culture. Chief comments 
of the judges on the butter made with culture tvere creamy flavor,’’ “sweet 
and clean,” “fine aroma” and “fine flavor”; those on the butter made with- 
out culture were “flat,” “lacking character,” “insipid” and “tallowy.” 
(See also 96.) 

The results of Wiley (135) indicated that the presence of culture organ- 
isms in butter favored oxidation of the fat at storage temperatures. The 
oxidation that occurred in the presence of culture organisms, even when the 
acid produced in the culture was neutralized before churning, demonstrated 
the presence of some fat-oxidizing system in the ripened cream. This was 
believed due to some product of bacterial metabolism acting as a pro-oxidant ; 
if this is the ease, the product is not ame or aca. Wiley considered the re- 
sults may be explained by assuming that the lactic acid streptococci of the 
culture contain a fat-oxidizing enzyme which is most active at low pH and 
high salt concentration. Several mixed cultures (8, cremoris and betacocci) 
and a single strain of 8. cremoris all increased oxidation, as compared to 
simple acidification of the cream. 

According to Hunziker (48 ; p. 357) there are certain conditions of butter 
manufacture which permit controlled ripening without jeopardizing keeping 
qualities, and there are still other conditions of manufacture and distribu- 
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tion under udiicli ripening* to a full aroma and flavor is definitely beneficial 
to keeping €|xialities. The extent to which cream may he ripened and still 
have the butter reach the consumer without objectionable flavor deteriora- 
tion due to chemical changes was considered to be infiiieneed by such factors 
as: (a) Condition and ciuality of the original cream, (b) temperature at 
which butter is held between churn and consumer, (c) whether butter is 
intended for fresh consniiiption or for cold storage, (d) whether the cream 
is used for salted or iinsalted butter and (e) salt concentration in salted 
butter. Huiiziker (48; p. 353) also stated that cream ripening does not 
improve the chemical stability of butter and that, under average commercial 
conditions of manufacture, the ripening of cream to a full flavor and aroma 
shortens the life of salted butter. Usual flavor defects which develop with 
age in salted butter made from fully ripened cream were said to be oil}"- 
metallic, fishy and sometimes tallo'wx" flavors. Salted butter made from 
sweet, unrip eiied cream or from sour cream neutralized and pasteurized was 
said to keep better, from the standpoint of flavor deterioration due to chemi- 
cal causes, than salted butter made from the same cream ripened to full 
flavor and aroma. 

Jacobsen and Evans (53) found that butter made from first-grade cream 
without culture had better keeping qualities than butter made from first- 
grade cream with culture ; the butter was scored after 3 and 5 months at 
32^ to 36^^ P. 


In Preventing Certain Bacterial Defects 

Growth of various bacteria responsible for development of specific defects 
in blitter apparently often is delayed or prevented by use of butter culture 
in the cream. The inhibitory effect apparently is due not only to the prod- 
ucts formed by the culture organisms but also to the presence of the organ- 
isms themselves. 

Orla-Jensen (84) inoculated butter with Pseudomonas fluorescens and 
S. lactis. He noted that the lactic acid formed by lactis inhibited fat 
hydrolysis; there was little free volatile acid produced and the odor and 
taste of the butter were not especially ohjeetionahle. 

Eogers (102) stated that during ripening of cream the lactose is par- 
tially fermented to lactic and similar acids which protect the butter from 
fermentation by less acid-tolei’ant organisms. The putrefactive bacteria, 
which often attack the curd of butter, usually were checked by the acid 
produced during cream ripening. 

Eesults obtained by Maze (70) indicated that micro-organisms causing 
deterioration in butter largely attack the casein and lactose. They were 
found to he retarded by lactic acid. Addition of lactic acid to butter at the 
rate of 0.5 to 1.0 g. per 1. was suggested as a control measure. Lactic acid 
was not believed to completely prevent growth. 
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Siiiitt (114) reported tiiat eliimimg cream at an acidity of not less tliaii 
0.35 per cent iras advantageous in preventing defects caused by Ps. fluores- 
cent since it grows only feebly at a pH of 6 . 6 . He was of tbe opinion tliat 
surface taint could be caused by Ps. fluorescens^ but that it occurred only 
in sweet cream or neutralized cream butter and never in sour cream butter. 

Yirtaiieii (127) noted that water types of micro-organisms, wliicii fre- 
quently cause cheesy and putrid defects in butter, are inhibited by 'the acid 
of sour cream butter. 

Derby and Hammer. (30) made butter from pasteurized cream inocu- 
lated with surface taint butter and studied the influence of salt and butter 
culture on production of the defect. Unsaited and low salted butter made 
without the culture developed surface taint in 2 clays at 70^ F., but medium 
salted butter made without the culture, iiusalted butter made with the cul- 
ture and salted butter made with the culture was normal after 7 clays. 
Claydon and Hammer (17) added Pseudomonas puirefaciens to pasteurized 
cream and churned the cream with various amounts of butter culture added. 
None of the unsaited or salted butter made with the culture developed the 
putrid defect in 6 days at 70^ F. but that made without the culture became 
markedly putrid. Five per cent culture inhibited the defect as effectively 
as 12 per cent. Results indicated that butter culture had an inhibiting effect 
on development of the putrid defect in unsaited butter wiien Ps. putrefaciens 
gained entrance to the butter either from cream or from w’ash -water. 

According to Kniidsen (57) ripening cream with butter culture protects 
the resulting butter from attack by putrefactive bacteria which may get 
into it from water, but which cannot develop because the reaction is acid ; 
ripening the cream with culture promotes development of certain defects, 
particularly in storage. Minster (75) considered the presence of a few lactic 
acid bacteria in unsaited butter as beneficial, since they tended to keep 
down growth of objectionable species. 

In the trials of Hiissong et al. (49) butter made from pasteurized cream 
inoculated with Pseudomonas fragi developed a rancid flavor some-what less 
rapidly when 10 per cent butter culture wus added to the cream just before 
churning than wdieii the butter was made wutliout culture. 

St. von Nyiredy (119) reported that in butter made from ripened cream, 
eoiiform, proteol^dic and Ps. fluorescens organisms sho'wed practically no 
growth and decreased rapidly, while they increased markedly in sweet cream 
butter. The ripened cream butter had a pH of 4.6 to 4.8 and the sweet cream 
butter a pH of 6.4 to 6.8. It was concluded that failure of these groups to 
gro-w in ripened cream butter was due to the low- pH. 

Hunziker (48; p. 295) stated that efficient pasteurization of the cream, 
preferably follow^ed by proper ripening with good eiiiture, not only retards 
the general age deterioration which is characteristic of all unsaited butter 
but prevents the early appearance of the more serious flavor defects result- 
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iiig from tile presence in cream of specific fiaTor-daniagiiig organisms. 
When nnsaitecl butter was made from cream ripened to full flavor and 
aroma, bacterial deterioration was very noticeably retarded by tlie pre- 
dominance of lactic acid bacteria and the relatively high acidity. These 
agencies assisted in elieekiiig the organisms wliicli, if present, caused bac- 
terial flavor defects in iinsaited butter (48 ; p. 360). In comments on cheesy 
flavor, Hiinziher (48; p. 668) noted that resistance of iinsalted butter to 
bacterial age deterioration and to development of cheesy flavor is materially 
improved by ripening the cream with a good culture to a pronomiced culture 
character and a reasonably high churning acidity (preferably about 0.35 
to 0.45 per cent). It appeared that the great predominance of culture 
bacteria and the products of cream ripening are more or less antagonistic 
to the organisms responsible for cheesy flavor and definitely assist in holding 
them in check. 

Fonts (35) studied the effect of butter culture and lactic acid on hy- 
drolysis of fat in cream by pure cultures of lipolytic bacteria. Butter cul- 
ture added to the cream definitely inhibited AcJiro^no’bacter Upolyiicum, 
Alcaligenes Uj^ohjficus and Ps. fluoresce ns. When lactic acid was added 
to the cream used, all the organisms grew, even with enough acid to give 
a titrable acidity of 1 per cent. 

Results obtained by Itzerott (51) showed that cream acidities below 
0.15 per cent had little effect on the period required for development of 
the putrid defect in butter. Above 0.15 per cent, however, the acidity 
appeared to have a retarding influence. High acidities and low tempera- 
tures definitely inhibited the defect. Unsalted butter made from cream 
with 0.20 per cent acid and inoculated with rabbito organisms showed no 
evidence of the defect when held 3 weeks at 40° to 55° F. At higher tem- 
peratures (80° to 90° F.) the taint developed, even with a high acidity. 

Pont (95) indicated that, within the range of safe limits from the stand- 
point of chemical changes in butter, high acidities aided in minimizing the 
putrid defect of butter. 

Effect of butter culture on the ability of 52 fluorescent bacteria to pro- 
duce defects in experimental butter was studied by Garrison and Hammer 
(36). Addition of 10 per cent culture to the cream prevented development 
of off flavors in uiisalted butter by 16 of the cultures and in salted butter 
hy 27 of them. 

RELATIONSHIP OF SPECIFIC CHEMICAL COMPOUNDS TO 

desirable flavor of butter 

The desirable flavor produced in butter through use of butter culture 
is dependent on various compounds, some of which still may not have been 
identified. Ae 2 apparently is the most important of these but others, espe- 
cially volatile acids, also are of significance. Ac 2 and volatile acid are 
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produced iii butter eiiltiirej and ako in ripening creaiii; priiiiarii}’' from 
citric acid by tlie normal flavor organisms while lactic acid is produced 
primarily from lactose by & lactis (43; p. S4). 

Tolatile Acids 

In 1890, Conn (19) stated that it usually is believed the flavor of butter 
is due to certain volatile fatty acids formed during the ripening of cream. 
The acids considered to be im])ortant were butyric, eaproic, eaprylic and 
capric. 

Ferris et ah (34) determined the volatile acids in 14 lots of commer- 
cial sweet cream butter scoring 93 to 94. The values, expressed as ml. N/10 
acid per 100 g., ranged from 0.2 to 0.4 by steam distillation and from 0.5 
to 0,8 by direct distillation. The average score of the lots after storage 
5 to 6 months at 22"^ F. was about 1 point lower than when they wex*e fresh 
and the volatile acid values were about twice as lax’ge. After 6 to 7 months, 
the blitter was removed from stoi*age and kept 2 weeks at about 59° P. 
This caused a decided drop in score but no significant increase in volatile 
acid. More volatile acid was found in butter made from clean acid ex’eam 
than in butter made from sweet cream. 

Lind (63) cleteimxined the volatile acidity of butter by adding 150 ml. 
water and 15 mb N/1 sulfuric acid to 100 g. butter and distilling with steam. 
Prom values obtained on skimmed milk, pasteurized cream and butter, the 
author concluded that butter dissolves a pai't of the volatile acid formed 
by the bacteria of the culture employed for acidification of the cream. 

Eesults of Steuart (118) indicated that when full-flavored butter is 
distilled with steam, free butyric acid can be identified in the distillate 
as well as a neutral compound yielding butyric acid on saponification. 
Use in margarine of cultures producing butjmie acid or addition to mar- 
garine of ethyl butyrate or but\’Tie acid gave unsatisfactory results. Butyric 
acid itself was too fugitive, and a search was made for a parent substance 
which would continuously yield ti'aees of the acid. In experiments with 
margarine prepared with skimmilk properly soured by lactic acid and aroma 
bacteida, it was found that a small addition of tri-biityrin caused the mass 
to be gradually pervaded by a pleasant bntter aroma. Unfortunately, the 
flavor was masked by bitterness of the tri-butjmin. This compound was 
obtained from various sources and was synthesized, fractionated and re- 
fined, but in no instance was the bitterness avoided. Glycol di-biit}Tin pro- 
duced a similar aroma in margarine but also had an inherent bad flavor. 
Mixed butyric tri-glycerides wei’e then’ prepared and the flavor of these 
indicated that the butyric acid in butterfat must be present as a mono- 
butyric tri-glyeeride, with butyric acid in the beta position. The bitterness 
of tri-butyrin is due to butiwie acid in the alpha position. Coconut oil was 
butyrised by heating -with butyric acid at 320° P. After treatment for 2 
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lioiirs tlie neutralized fat gave Gilmour butyric niimbers equivalent to 3 
per cent butter and after treatment for 36 hours the mimbers were equiva- 
lent to 116 per cent. Fat also could be butyrised by beating it with tri- 
biityrin in tlie presence of a suitable catalyst, sueb as 1 per cent stannous 
byroxide, at 392^^ to 482° P., the mixture being* agitated by allowing an 
inert gas to bubble through it. Coconut fat containing from 5 to 15 per 
cent tri-biityrin was free of bitterness after 2.5 to 7 hours; while arachis 
oil with 25 per cent tri-butyrin required treatment for 11 hours. 

Acetylmethylcarhmol and Biacetyl 

van Niel et at. (126) studied the relationship of amc and ac 2 to the aroma 
of butter. Analyses on butter, using 50 g. portions, showed that lots having 
a typical aroma gave an amc reaction while lots lacking such an aroma did 
not. A series of lots that had been given definite scores on aroma showed 
a rather close correlation between a high aroma and the presence of amc. 
The authors further observed that a dilute aqueous solution of amc had an 
odor suggesting butter and that aco also had such an odor. However, 
properly purified amc was odorless. The results suggested that ac 2 is 
responsible for the flavor of butter. When 0.0002 to 0.0004 per cent ac 2 
was added to butter lacking aroma, an unmistakable aroma appeared. The i 
authors concluded that ac 2 is either responsible for the aroma of butter or; 
is the principal component of the aroma material. 

The conclusion of Testoni and Ciusa (123) was that the presence of ac 2 
in butter is accidental and that ae 2 cannot be considered one of the aromatic 
principles of butter. 

“Waser and Mobler (132) noted that even after purification, and in very 
dilute solution, ac 2 displayed the characteristic odor of butter, Tapernaux 
(120) stated that the artificial perfumes with an aca base have given good; 
results in creating the artificial aroma of butter in various fatty materials. 
Development of aroma in natural butter was believed due to the formation 
of ac 2 by fermentation. Ac 2 was not considered the only substance responsi- 
ble for development of the natural aroma, but it was believed to be the; 
fundamental base of butter aroma since small amounts possessed a very; 
penetrating odor. : 

Kay (5-f) reported that the flavor, and particularly the aroma, of butter | 
is due largely to the presence of aco. In commenting on this idea, Cox (54) 
stated that he had tested many samples of butter but had never found ae 2 . | 
The compound was not considered present in natural butter, ' 

According to Hammer (40) the odor of ae 2 in high concentrations is; 
pungent and not at all pleasing ; however, in low concentrations the aroma ; 
is like the aroma of fine butter made from clean-flavored sweet cream with; 
use of culture. Results obtained by Barnieoat (6) indicated that a fraction 
of a part of ac 2 per million imparts a rich aroma to butter made from un- 
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ripened ereain. Exaiiiiiiatioii of iiiild-flavored butter showed aine to be 
present. 

Pieii et al. (91) stated they bad good reason to assume that aca is not the 
cause of aroma in butter even though dilute aqueous solutions have an odor 
resembling butter and addition of ae 2 to butter without aroma gives an 
unquestionable aroma, 

Yirtaiien and Tariianen (129) considered aca to be the substance respon- 
sible for the flavor of butter. Davies (23) reported that the compound 
responsible for most of the flavor of butter is the diketoiie, ac 2 , which can be 
produced synthetically or biologically. Butterfat itself was believed to 
contribute to the flavor, as well as traces of esters, such as ethyl butyrate, 
eaproate and lactate, the curd and the salt. According to Slatter (116) the 
desirable flavor and aroma of butter are due chiefl}^ to the fat, volatile acids 
and ae 2 . 

Analyses by Pien ef aL (92) showed that butter high in ac 2 had a very 
desirable flavor and aroma. However, many samples low in ac 2 also were 
excellent in flavor and aroma. Eesults indicated that constituents other 
than ae 2 are responsible for the desirable flavor and aroma of butter. Pien 
(90) noted that when ae 2 was absent in butter, the aroma of the butter was 
weak or there was no aroma. 

Maze (71) stated that the normal lactic acid organisms produce neither 
ame nor ac 2 and the presence of these compounds in butter proves the exis- 
tence of an incidental and noxious fermentation. Acs was believed to occur 
in the blood and, because of this, traces of it were thought to be carried into 
the milk. 

Results of Davies (25, 26) indicated that the flavor and aroma of ripened 
cream can be closely simulated by working synthetic ae 2 into flavorless 
butter. However, this procedure gives a somewhat harsh flavor w^hieh may 
be due to the fact that the added ac 2 does not have the same opportunity 
to distribute itself between the fat and water phases of butter as the ac 2 
slowly formed during cream ripening, or it may be due to modification of 
the effects of ac 2 by other flavoring compounds, such as esters and other 
volatile organic compounds, which are produced in traces in the cream. The 
author indicated it is generally agreed that the compound responsible for 
the aroma and flavor of butter is ac 2 and that it is formed together with 
somewhat larger amounts of amc. 

Experiments by Makar Tn (68), designed to test previous theories re- 
garding formation of aroma in butter, indicated that the most important 
part is played by amc and ae 2 . 

Pont (94) noted that it is generally agreed the intensity of flavor and 
aroma of butter varies with the ac 2 content. Where full development of the 
butter culture in the cream was permitted, it appeared that the flavoring 
element existed mainly in the form of ame due to the low oxidation-reduction 
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potential of tlie laetie acid fermentation. Besides ac 2 j other flavor con- 
tribntaiits were biitterfat and traces of esters like ethyl bntj’ratej eaprate 
and lactate. 

According to Langton (59) ae 2 is the cause of the aroma of butter. 
Davies (27) stated that addition of ac 2 to fats in amounts equal to those 
found ill natural butter gives a harsh, artificial flavor. He suggested that 
when synthetic ae 2 is added, only about one-tenth of the amount found in 
butter of equal flavor should be employed. The main argument in favor 
of the use of synthetic preparations was that non-flavored butter intended 
for long keeping could be made from sweet cream and the flavor added with- 
out detriment to keeping ciualities. 

Homologs of Biacetyl 

According to "Waser and Mohler (132) the next higher ketone homolog I 
of ac 2 , triketopeiitoiie (CHs • CO * CO * CO CH 3 ), displays a more intense 
odor than aca. It possesses a penetrating and adhering aroma of ginger 
bread spice. 

Prill et al. (97) noted that aeetylpropionyl, acetyl-w-butyryi, aeetyl-wo- 
butyrjd, dipropionyi, aeet 3 d-?i-eaproyl and di-M-butyrjd resembled aca in 
odor and certain other properties, but metliylglyoxal and other alpha keto- 
aldehydes, as well as the alicyelic and aromatic diketones, differed distinctly ; 
from it in odor and also other respects. The various compounds showed ; 
similar behaviors in many of the reactions used for determination of aca. : 
Methylglyoxal and glyoxal, however, could be distinguished from alpha 
diketones by means of the alpha-methylindole test. Certain homologs of ^ 
aca (acetylpropionyl and dipropionyl), as well as aca, could be determined: 
coiorimetrically as diammino-ferrous derivatives of their dioximes. When; 
acetylpropionyl or dipropionyl was worked into salted butter, the effect on 
the flavor definitely suggested the effect of aca but was less than with an 
equivalent amount of aca and was less with dipropionyl than with acetyl- 
propionyl. In butter, acetylpropionyl or dipropionyl contents, comparable 
to the ac 2 contents developed through use of cultures, were well retained 
over a considerable period at various temperatures. Distillates from ordi- 
nary butter cultures gave no evidence of the presence of higher homologs; 
of ac 2 or amc ; methylglyoxal also was absent. ' 

Miscellaneous ; 

! 

Aschan (4) eoncluded that large quantities of butter are required tq 
obtain the active constituents causing the aroma of butter and that a more 
profitable attack would be to s^mthesize the mono- and di-glyeerides of the 
fatty acids which affect the senses of taste and smell. ' 

Tapernaux (120) stated that numerous chemical products have beefi 
recommended for production of aroma in butter. Some of these are : Essence 
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of liazeliiiits, essence of bitter aluioiids (benzoic aldeliycle), essence of iiiir- 
bane (nitro-benzeiie), eoiimariii, vanillin, butyric acid and its esters (iiiono- 
butyrin, i^?o-propyl biityratCj etc.). He noted tliat none of tiie above prod- 
ucts, either alone or in eombinatioii, diij)licates the exact odor of butter and 
suggested tiiat the best teelmic for developing the aroma of butter in a f attj^ 
material is to initiate a natural fermentation vdiicli permits development of 
tiie aromatic substances in- situ. 

Since, lactic acid is odorless it cannot influence the aroma of butter. 
However, when present in appreciable amounts, it definitely affects the taste. 

FACTORS IXFLUENCING ACETYLMETHYLCAEBIXOL AXD DIACBTYL 
CONTEXTS OF BLOTTER 

A series of factors related to the manufacturing procedure hare an influ- 
ence on the amc and aca contents of butter and thus, presumably, on the 
flavor of the butter. 

Influence of Strain of Biiiter Culture 

Practical experience indicates that there are wide variations in the butter 
cultures used in different j)lants. In some cases cultures have definite 
defects, lack of flavor being the most common (43;. p. 142), hiit even with* 
normal cultures there are flavor variations (43; p, 102) of signifieaiiee. 
These variations may not be interpreted the same by different persons, one 
culture ill a series being preferred by one person and another by some one 
else. Because of variations in a culture from day to da^", due to the acidi- 
ties developed and other factors, the cultures in a series may not be rated 
the same on different days. In general, an experienced person can very 
accurately judge the value of a particular culture for development of flavor 
ill blitter. 

Walts (131) compared nine commercial cultures and found there was no 
particular culture which ivas superior to the others as far as flavor of the 
butter was eoiieerned. Knudsen (57) noted a close correlation between the 
aroma of butter and the aroma of the culture used. 

Slatter and Hammer (117) reported an increase in the amc + aco contents 
of salted and iiiisalted butter with an increase in the aiiioiiiit of culture 
employed; this suggested that the flavoring materials in the butter come 
largely from the culture rather than from changes in the cream during 
holding. 

Kreiiii (58) added 5 per cent of three cultures eontaining 0.595, 0.71 and 
3,98 mg. aco per I, respectively, to three lots of cream. The cream was 
ripened and before churning contained 1.85, 1.012 and 2.42 mg. ae 2 per I, 
respectively. The amounts of ae 2 contributed by the cultures were 0.02975, 
0.0357 and 0.199 iiig., respectively, while the amounts formed in the cream 
were 1.82, 0.9763 and 2.22 mg., respectively. 
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Kesiilts obtained by Prill and Hammer (98) showed that, when culture 
was added to sweet cream, the cream-enltiire iiiistiire eoiitaiiied approxi- 
mately the amount of ame contributed by the cream and the culture, wiiereas 
the aca eontent was regailarly higher than the calculated amount. The 
authors suggested that incorporation of air during the mixing presumably 
made it possible for the organisms to effect considerable oxidation. After 
holding orerniglit at 36 to 44° P.. the aco had increased further, often more 
than doubling, and the ame also showed some increase but the percentage 
increase was not as great as with aco. No close relationship was noted 
between the acs contents of the cultures and of the finished butter with 
churnings made by adding the cultures to s’weet cream. Pesults obtained 
with culture and sour cream sliow^ed that inox’e acn wms contributed to the 
eream-eultiire mixture by the neuteilized and pasteurized cream than by the 
culture; ame wus contributed in comparable amounts from the tw’o sources. 
However, the culture supplied active organisms which made possible a 
further accumulation of the twm compounds. Changes oceurriiig in the ac;* 
and ame contents were similar to those obtained with mixtures of sw^eet 
cream and culture. 

In the trials of Hedrick and Hammer (45) on the ripening of sw^eet and 
sour cream for iiiisalted butter, the ame and aco contents developed by differ- 
ent cultures varied rather widely in some instances and w^ere rather uniform 
in others. "When the same cultures w’ere used in several trials they did not 
ahvays rank the same on the basis of production of amc or ae 2 , and the vari- 
ations w^ere not explainable on tbe basis of the slight differences in acidities 
of the ripened cream. Also, with the same cultures being used in several 
trials, each of them sometimes show’ed relatively high values and sometimes 
relatively low’ values. 


Influence of Acidity of Cream 

Investigations have clearly established that in a butter culture relatively 
large amounts of amc and ac 2 are only produced wiieii considerable acid has 
developed (43; p. 114). This general relationship also applies in the ripen- 
ing of cream. Because of it also, the ame and aca contents of the original 
cream are significant only wdieii the cream has developed some acid. 

Tapernaux (120) stated that during the course of cream ripening acid 
develops and there appears a particular aroma due to the lactic acid organ- 
isms. He detected aco in ripened cream; it w’as most evident when the 
ripening was not preceded by pasteurization. According to Kay (54) acid 
formation in cream is essential for aroma production since sweet cream does 
not contain amc. In the experiments of Barnicoat (6) butter made from 
cream ripened -with culture showed amc -f acN contents which paralleled the 
rise in acid during the ripening. 

Michaelian and Hammer (73) found the amounts of ainc-f-ae 2 in sour 
cream delivered to butter plants wms relatively high. Tlie^" stated that this 
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was to be expected because of the wide distribution of flavor organisms and 
the favorable conditions provided by the acid cream for production of 
amc -r ae 2 . 

Bariiicoat (6) indicated that there is little amC'fac 2 developed when 
cream is ripened to the small extent common in the inanufaetiire of mild- 
flavored butter. Most of the flavor-producing substances present in butter 
made from slightly ripened cream are not developed during the ripening 
but are added with the eiilture. This was demonstrated by experiments in 
which butter made from cream containing only 0.5 per cent culture, and in 
'which no acid was developed, had a distinct aroma. 

In the trials of Bouska (10) cream which had soured spontaneously for 
a moderate period, and which was churned without culture, produced butter 
with aroma. However, cream which had soured so long that amc and aco 
had disappeared did not produce aromatic butter unless culture was added. 
Buiiger (16) and also Mohr and 'Wellm (79) noted that butter made from 
sweet cream had much lower amc and ae 2 contents than butter made from 
sour cream. Makar hn (67) reported that the ame and,ac 2 contents in- 
creased sharply during souiing of cream ; the same was true during souring 
of skimmilk. 

Davies (24) stated that the rate of formation of ae 2 in cream can best be 
measured by calculating the ratio of ac 2 to acid (ac 2 as ppm. and acid as per 
cent lactic). When cream wms ripened.for 3 hours at 89.6'^ P. with a cheese 
culture the ratio was 3, with a butter culture it was 6 and with a S. cremoris 
culture it was 24; acidities were 0.25, 0.24 and 0.20 per cent, respectively. 
Incubating for longer periods showed that the ac 2 content of the S. cremoris 
culture increased more rapidly than that of the other two cultures with less 
increase in acid. The total ac 2 and amc in each culture increased roughly 
with acid, but at different rates. In 6 hours the ac 3 to amc ratio was 1 : 40 
with the cheese culture, 1 : 20 with the butter culture and 1 : 18 with the 
S. cremoris culture. Davies (25) also noted that the most desirable property 
of a culture is that of forming the largest amount of ac 2 at a low acidity since 
in higher acid ranges it is the amc which is formed in largest amount; in 
general, at low acidities the ratio of ae 2 to ame is greater than at higher 
acidities. 

According to Davies (25) when a culture is used to acidify cream, the 
titrable acidities of the cream which correspond to flavorless butter, mild- 
flavored butter, medium-flavored butter and full-flavored butter are 0.10 to 
0.15, 0,15 to 0.25, 0,25 to 0.40 and 0.40 to 0.75 per cent, respectively. These 
figures apply to cream containing about 35 per cent fat. The cream serum 
acidities would be 0.13 to 0.20, 0.20 to 0,30, 0.30 to 0.50 and above 0.50 per 
cent, respectively. Various factors other than acidity which influence the 
degree of flavor development were listed as: (a) Distribution of the various- 
types of lactic acid bacteria in the culture; (b) their virility under com- 
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petitive conditions in cream; (c) citric acid and oxygen contents of the 
cream; and (d) degree of biochemical and oxidation reactions occurring in 
the ensiling butter. Later, Davies (27) reported that the following titrable 
acidities in cream will ensure the various degrees of butter flavor: Mild 
flavor, 0.20 to 0.25 per cent; medium flavor, 0.25 to 0.35 per cent; and full 
flavor, 0.85 to 0.55 per cent. The corresponding ac^ contents of lots of butter 
of ascending degrees of flavor ivere: Mild flavor, 0.5 to 1.5 ppm.; medium 
flavor, 1.5 to 2.5 ppm. ; and full flavor, 2.5 to 4.0 ppm. These conditions 
referred to cream of 30 to 38 per cent fat, pasteurized hy the flash method 
at 180° to 190° F., cooled and ripened at 65° to 70° F. to the desired acidity 
with blitter culture. The author stated that if depth of flavor of butter is 
of importance, it is necessary to produce as much aco as possible during the 
initial stages of cream ripening. That is, the flavor organisms must produce 
aroma before S. lactis^, which produces acid only, depletes the cream of its 
dissolved oxygen. The ratio of aco to amc ivas believed to depend on oxida- 
tion-reduction reactions occurring in the cream and these are governed, to 
an appreciable extent, by the oxygen tension in the cream. 

Results of laboratory trials by Hedrick and Hammer (45) on sweet 
cream ripened to various acidities at 50° to 70° F. showed that as the acidity 
of the cream increased the aco content increased in 29 (81^7 ) of the 36 trials 
and the amc content in 32 trials (8957 ). Most of the increases were signifi- 
cant, but some of them were very small. Both ae 2 and amc increases were 
small ill the pH range 6.5 to 5.5. In the remaining trials the ac 2 and amc 
contents showed changes other than regular increases as the acidity of the 
cream increased. Acu contents of six lots of sweet cream with added culture 
held for a normal ripening period at 32° F. ranged from 0.12 to 0.28 ppm. 
(average 0.22 ppm.) ; the amc contents varied from 3.5 to 16.5 ppm, (average 
10.6 ppm.). Three trials w’ere carried out with neutralized sour cream 
ripened to various acidities at 58° to 62° P. Three acidities w^ere used in 
each of two trials and four acidities w^re employed in one trial; in each 
trial a portion of the cream-culture mixture ivas held at 32° P. for the nor- 
mal ripening period. An increase in acidity resulted in an increase in ac 2 
and also in amc in each ease. Increases in ac 2 were conspicuous and in two 
of the trials increases in ame were large. The ac^ and amc contents of the 
three lots of neutralized sour ei*eam with added culture held at 32° F. gen- 
erally -were higher than those of sw’-eet cream with added culture, the average 
aca eoiitenfr being 0.42 ppm. (from 0.35 to 0.55 ppm.) and the average amc 
content 22.1 ppm. (from 20.9 to 23.3 ppm). This relationship is explained 
by development of the two compounds during the souring of the cream. 

In ten trials on a semi-commercial scale Hedrick and Hammer (45) 
ripened s^weet cream (seven trials) and, sour neutralized cream (three trials) 
to various acidities at 50° to 55° P. Three acidities w’ere employed in 
three of the trials with sweet cream and two acidities were used in the 
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reniainiiig trials. In trials with sour cream, aco and amc determina- 
tions were made just after pasteurization and again after addition of culture. 
With an increase in acid there was an increase in ae 2 in nine trials (90%) 
and ill amc in seven trials (70%). Some of the increases were small. Acs 
decreased in one trial (10%;.), the drop being from 1.88 to 1.49 ppm. with 
an increase in acid from 0.37 to 0.49 per cent. Anie decreased in three trials 
(30%.), in one instance after a striking increase; two of the trials involved 
sour cream in which the citric acid may have been completely fermented. 
Ill general, as the aco increased during the ripening of cream the amc also 
increased, but in some instances there was an increase in acs and a de- 
crease ill aine. Commonly, increases in ae^ and amc were in the same general 
proportion, but again there were exceptions. 

The eifeet of ripening acidity on the score of unsalted butter was studied 
by Hedrick and Hammer (45). When the butter was held 1 week at 36*^ 
to 40*^ P., ripening cream to the higher of the two acidities used in eacli 
trial gave butter which scored 0.25 to 0.75 of a point higher than ripening 
to the lower acidity in five (71% ) of the seven trials ; there was no difference 
ill score in one trial (14%) in which the acidities of the two lots of cream 
differed only 0.04 per cent; and in one trial (14%) the butter from the 
higher acid cream scored 0.25 of a point lower but the difference in the cream 
acidities was small, although both were relatively high (0.48 and 0.51%). 
After 1 month at 36° to 40° P., the butter made from the higher acid cream 
scored 0.25 to 0.5 of a point higher in three trials (43%), no difference in 
score was noted in two trials (29%) and the butter from the higher acid 
cream scored 0.5 of a point lower in two trials (29%), After 6 months at 
- 10° to 0° P., ripening to the higher acidity gave butter which scored from 
0.25 to 0.75 of a point higher in all trials. 

Influence of Temperature of Bipening 

Yarioiis investigations have dealt with the effect of ripening tempera- 
ture on production of amc and ac 2 in butter cultures and similar studies 
have been carried out in connection with cream ripening. 

Buiiger (16) reported that cream allowed to sour at 62.6° P. had the 
highest content of amc and aco. 

Wiley (135) inoculated sweet cream with 10 per cent culture and incu- 
bated it at 80° P. When ripened to pH 5, the cream contained about 0.8 
ppm. aco and 18 ppm. ame. Pasteurized sweet cream ripened with culture 
to pH 5 and then held 24 hours at 48° P. contained about 4.0 ppm. aca 
and 90 ppm. ame. 

Mohr and Wellm (79) noted that the aca content of butter varied with 
the ripening temperature of the cream. Temperatures of 62.6° P., 50° P. 
and a combination of 62.6° and 50° P. were studied. Butter made from 
cream ripened at 62.6° P. contained 0.36 mg. aca per kg. and 2.76 mg. 
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ame-ac- ; tliese were tlie largest amounts found, At'eorcliiig to Maze (71) 
the most favorable temperatime for developineiit of flavor and aroma sub- 
stances in cream is 57. 2"^ to 60.8" F. 

Fabrieiiis and Hammer (33) determined the amounts of ame-ae 2 in 
cream lieki overnigdit at 28“ to 36^ F. after adding 8 per cent culture, in 
cream held overiiiglit at 42" to 51'^ F. after adding 8 per cent culture, and 
ill cream ripened 1 hour at 70" F. and then cooled and held at 28'" to 36"^ P. 
after adding 8 per cent ciiitiire. Results showed that the iiiiri_peiied cream 
held at 42" to 51® F. usually was higher in amc - aco than the imripeiied 
cream held at 28® to 36® P. and contained about the same amounts as the 
ripened cream held at 28® to 36® F. Amounts of aiiic-a (?2 in cream held 
cold after adding culture 16 hours before chiimiug and in cream to which 
culture was added at churning also •were coinxiared. The higher amc-acs 
contents were found with addition of culture 16 hours before churning. 
Another series of eomxiarisons involved cream held at a low temperature 
for 3, 6, or 16 hours after adding culture; there were both increases and 
decreases in aiiie - acs contents as a result of the holding. Effects of holding 
for 64, 70, 88 or 112 hours also were variable. Immediately after adding 
culture the aine -f- ac*. contents of the different portions in a trial were 
essentially the same. 

Laboratory tests on the effect of ripening* temperature on the ac 2 and amc 
contents of cream were made by Hedrick and Hammer (45). In 18 trials 
siveet cream was ripened at 50®, 60® and 70® F. Ripening periods varied 
from 5 to 45 hours, depending on the temperature and the degree of acid 
desired. Ac 2 and ame determinations were made soon after the desired 
acidity was reached. The highest ac 2 content developed at 50® P. and the 
lowest at 70® F. in 14 of the trials (78Tc ) ; the same relationship occurred 
with amc in 11 trials (61%). Both aco and ame production were highest 
at 50® F. and lowest at 60® P. in two trials (11%). The highest ae 2 content 
was produced at 60® P. and the lowest at 70® P. in one trial (6%) ; the same 
relatioushix3 occurred with ame in five trials (28%). Aco production was 
highest at 70® P. and lowest at 60® F. in one trial (6%), Variations in ame 
production at the three temperatures vrere small and definitely less on a 
percentage basis than variations in ae 2 production. Four trials -were carried 
out oil a senii-eommercial scale ; three involved sweet cream and one involved 
neutralized sour cream. Aco production in cream ripened at 62® P. was 
larger than in cream ripened at 70® F. in two trials (50%) and smaller in 
two trials (50%). Amc production showed similar variations. Differences 
ill production of aco and ame in a comparison commonly were small. In 
three trials, 0.1 per cent citric acid was added to the cream and the cream 
agitated during ripening overnight to an acidity of 0.45 per cent. Ae 2 and 
ame production was iiiiieh greater in each trial than in the cream ripened 
at either 62® or 70® F. 
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Effect of ripening* temperature on tlie score of tlie resulting iinsalted 
butter was studied by Hedrick and Hammer (45). With butter lield 1 
week at 36"^ to 40° F., ripening of the cream at 62° P., rather than 70° P., 
gave a score increase of 0.25 to 0.75 of a point in two trials (50% ), no 
difference in score in one trial (25% ) and a score decrease of 1 point in one 
trial (25% ). With butter held 1 month at 36° to 40° ripening at 62° P. 
gave a score increase of 0.5 to 0.75 of a point in each of three trials (100%). 
With blitter held 6 months at -10° to 0° P.^ ripening at 62° F. gave a score 
increase of 0.5 of a point in each of two trials (50%) and a score decrease 
of 0.75 and 1.0 point in two trials (50%). 

Hoeeker and Hammer (47) found that on holding cream plus culture 
16 hours at 40° P., the ae 2 and anic contents increased when butter eiilturej 
S, diacetilactis or S. eitrophilits was used; decreases often oeeiirred with 
S. citrovorus or S. paraciirovorus ; usually little or no change occurred with 
an unidentified organism or S. aromaticuB, 

Influence of Fat Content of Cream 

Variations in the fat contents of different lots of cream are large enough 
to be of importance from the standpoint of cream ripening and butter 
manufacture. With a high fat content the serum content is small, and a 
certain percentage of butter culture, based on the cream, has a greater effect 
in lowering the pH, etc., than ivhen the fat content is low and the serum 
content correspondingly high. On the other hand, with a high serum con- 
tent the percentage of citric acid in the cream is larger. 

Oida- Jensen (85) stated that since the lactic acid bacteria do not act on 
butterfat they must produce the characteristic butter aroma and acid 
from the other constituents of the milk; therefore, the richer the cream, the 
less aroma will be formed therein. 

Barnicoat (7) investigated the effect of the growth medium on develop- 
ment of ac 2 and amc. Experiments made with milk and cream steamed 
for 30 to 40 minutes, allowed to cool and inoculated with 0.5 per cent culture 
showed that there was no essential difference, with due allowance for the 
fat content of the cream, in the action of culture in skimmilk, whole milk 
and cream. 

Aco and anie contents of butter churned from whole milk and from cream 
of varying fat contents were determined by Mohr and Wellm (79). Butter 
made from 40 per cent cream contained the most ae 2 , while butter made from 
20 per cent cream and that made from whole milk were about equal in ae 2 
contents. Amc contents of the lots of butter increased with increasing fat 
contents of the cream. Bunger (16) noted that on churning sour whole 
milk, 20 per cent cream and 40 per cent cream, the ae 2 content was highest 
in the butter from the 40 per cent cream ; butter made from the whole milk 
and that made from 20 per cent cream contained practically the same 
amounts of ae 2 . 
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Bogdailow (9) recomiii ended an increase in the fat content of the cream 
ill order to obtain increased aroma. He stated that aroma is absorbed 
by the fat. 

Influence of Addition of Citric Acid to Cream 

Since citric acid is the important soimee of flavor materials in butter 
cultures (43; p. 116) and the amount in milk is comparatively small (43; 
p, 102), this acid or its sodium salt sometimes is added to milk intended for 
culture. Such an addition also would be expected to have an effect in the 
ripening of cream. 

Preliminary experiinents from the Union of South Africa (3) indicated 
that cream churned with added citric acid gives butter of better flavor than 
that from untreated cream. Orla- Jensen (85) reported that aiitolysed yeast 
extract added to cream did not afford a sure means of increasing the aroma 
of butter but addition of citric acid gave more promising results. Temple- 
ton (121) found that addition of citric acid or sodium citrate to butter 
culture, to the cream used for butter or to both gave butter with a more 
pronounced flavor and aroma. Addition of 0,2 per cent citric acid, or its 
equivalent of sodium citrate, to the culture alone had a slight effect. The 
effect was more pronounced when the same propox'tion of citric acid or 
citrate was added to the cream. 

Ivhiibehandani (55) noted that addition of citric acid or sodium citrate 
to cream resulted in butter with increased aroma but poorer keeping quali- 
ties. Hunziker (48; p, 364) concluded that, in the absence of more favor- 
able experimental data, addition of citric acid to cream appears to be of 
doubtful merit; he suggested avoiding the expense until more convincing 
knowledge of the merits of the addition is available. 

Experiments involving addition of citric acid to cream at the time of 
inoculating with culture were reported by Hedrick and Hammer (45). In 
14 laboratoiy trials sweet cream was rij)eiied with and without added citric 
acid to about the same acidity at temperatures from 54° to 60° P. ; O.Op per 
cent acid w’as added except in one trial in which 0.10 per cent was used. 
Addition of citric acid gave a higher aco content in the cream in ail the trials 
_(100%) and a higher aine content in 12 trials (86I'c). With both ae^ and 
ame some of the increases were very small. In eight trials neutralized sour 
cream was ripened with and without citric acid to about the same acidity 
at temperatures from 58° to 63° F. In six trials (75%) added citric acid 
resulted in an increase in the ae 2 content. In the four trials involving three 
amounts of acid, the increases were roughly in proportion to the amount 
added; in one trial (12.5%') 0.05 and 0.10 per cent added citric add did not 
increase the ae 2 content but 0.15 per cent did, and in one trial (12.5%) 
0.10 and 0.15 per cent citric acid gave the same aca content. Added citric 
acid regularly increased the ame content and, in the trials in which three 
amounts were used, the increases W'ere roughly in proportion to the amount 
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adclecl. . Data were obtained on seven semi-commercial trials in viiieii cream 
was ripened witli and without added citric acid (O.Oo^c) to about the same 
acidity at temperatures from 50° to 54° F. Added citric acid increased the 
ac 2 content in six comparisons (86^); the increases varied widely, with 
three of them being 0,20 ppm. or less. The one decrease in ac^ content was 
veiy small, being 0.13 ppm. Added citric acid increased the aine content 
ill three comparisons (43%), the increases ranging from 12.8 to 34.8 ppm. 
Ill one trial (14%) the amc content was the same with and without added 
citric acid. In the three eoiiiparisons (43%) in which addition of the acid 
resulted in a decrease in amc content, the decreases ranged from 4.0 to 
15.8 ppm. 

Hedrick and Hammer (45) studied the effect of adding 0.05 to 0.10 per 
cent citric acid to cream on the score of the resulting unsalted butter. "With 
butter held 1 w^eek at 36° to 40° F., addition of citric acid increased the 
score 0.25 to 0.50 of a point in four trials (57%) and there was no differ- 
ence in score in three trials (43%). ‘With holding 1 inoiitli at 36° to 40° F. 
the addition gave a score improvement of 0.25 to 0.75 of a point in six trials 
(86%) and no difference in score in one trial (14%). With holding 6 
months at -'10° to 0° F. the addition resulted in an increase in score of 
0.5 to 0,75 of a point in six trials (86%) and a score decrease of 0.5 of a 
point in one trial (14%). 

Influence of Aeration of Cream 

The oxygen supply is a factor in the production of amc and aco in 
butter cultures (43; p. 118) and, accordingly, should be important in flavor 
development in cream. However, aeration may have an undesirable influ- 
ence on the flavor of some of the milk constituents because of their tendency 
to oxidize. 

According to Orla-Jenseii (85) aeration of cream may possibly promote 
production of aroma ; it increased the volatile acidity of cream. Davies (23) 
noted that most of the aco in cream is formed while there is considerable 
atmospheric ox^^geii in solution. 

Virtaiien and Tarnanen (129) considered that the fact aco is formed 
only when oxygen acts as the hydrogen acceptor should be .considered in 
butter nianiifaeture. They suggested that cream be ripened under as 
aerobic conditions as possible and that churning be carried out so as to 
ensure a iiiaxiniuin content of air in the butter. (See also 128.) Yirtanen 
(128) found that passing sterile air into cream during ripening had a very 
favorable effect on the aroma of fresh butter, the ae 2 content being increased 
considerably. Makar hii (67) stated that the upper layers of souring cream 
are richer in ac 2 and ame than the low^er layers. 

Davies (24) reported that formation of amc was favored by a low oxygen 
content. Later, he (25) indicated that when a culture was added to cream, 
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tlie important factor was tlie rate at wliieli tlie aroma-prodiieiiig organisms 
proliferated before tlie true lactie acid bacteria iiidiieed a low con- 

tent. Aca was found in cream in greatest amounts when there stili was 
some free oxygen present. 

It was noted by Prill and Hammer (98) that when sweet cream and 
aerated-pressure (p. 89) or modified aerated-pressure (ji. 88) culture were 
mixed, analyses did not indicate an increase in ac 2 during the mixing but 
sometimes suggested a slight decrease, especially in the ease of aerated- 
pressure culture. During the holding of the ereaiii-ciiltiire mixtures over- 
night and during churning, the organisms usually produced additional 
aco and ame; although in most eases the actual increment in ae 2 was as 
great (or greater) than when regular butter culture -was used, the per- 
centage increase was not because of the relatively large ‘amount of ae 2 
originally present. It appeared that if the cream had been churned soon 
after addition of culture, aerated-pressure or modified aerated-pressure 
culture probably would slio-w a greater practical advantage over regular 
butter culture. 

Laboratory trials on the efiect of agitation during the ripening of cream 
on the ae 2 and ame contents were reported by Hedrick and Hammer (45). 
Ill nine trials (seven with sweet cream and two with neutralized sour cream) 
cream was ripened with and without agitation at 60"', 63® or 70° F. At 
60° or 63° F. the cream w‘as agitated three times during the ripening while 
at 70° F. it was agitated every hour for 3 or 4 hours. In each trial the aCo 
and ame contents of the agitated cream were iiiiicli higher than those of 
the unagitated control. Essentially the same acidity developed with and 
wdthout agitation. Effect of agitation with added citric acid was studied in 
six trials (four with sw'eet cream and two with neutralized sour cream) ; 
0.10 per cent citric acid w‘as used and the ripening tempex'atiire w^as 60°, 
63° or 70° F. As without additiou of citric acid, agitation greatly in- 
creased both the ae.i and ame contents but had no appreciable effect on acid 
development. Five trials were carried out on a semi-commercial scale (three 
with sw'eet cream and twm with neutralized sour cream). Again the ae 2 
and amc contents w'ere greatly increased by the agitation whereas the acid 
development wms not significantly influenced. 

In a study of the effect of agitation during riiiening on the score of the 
resulting uiisalted butter after 1 wTek at 36 ° to 40° F., Hedrick and Hammer 
(45) found that agitation of the cream gave a score increase of 0.25 to 0.75 
of a point in three (60%) of the five trials and no difference in score in two 
trials (40%). With holding of the butter 1 month at 36° to 40° F., agita- 
tion gave a score increase of 0.5 to 0.75 of a point in twm trials (40%:^), no 
difference in score in two trials ( 40 %) and a score decrease of 0.25 of a 
point in one trial (20%) ; wdth holding 6 months at - 10° to 0° F., agitation 
resulted in a score increase in four trials (80%. ) and no difference in one 
trial (20%). 
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Hoecker and Hammer (47) reported that immediately after mixing the 
ac 2 contents of cream with added butter culture were sometimes higher and 
sometimes lower than the theoretical amounts calculated from the ae 2 
contents of the cream and culture; in most trials the ame contents were 
about the same as the theoretical values but in some instances were higher. 

Influence of Neutral ization unci Pasteurization of Cream 

Neutralization and pasteurization of cream constitute the primary treat- 
ments of much of the cream intended for butter, neutralization now being 
employed even with some of the sweet cream used for butter. In the in- 
vestigations of the effect of these processes on the ame and ac 2 contents of 
cream, there has been some va;riation in the results, probably because of 
variations in the types of cream used and in the neutralization and pasteuri- 
zation procedures. 

Barnieoat (7) found that neutralization and pasteurization of cream 
caused no notable decrease in ae^ but a distinct decrease in ame. Destruction 
of amc was correlated with the neutralization point of the cream and was 
similar with the two types of pasteurizers used; it was thought to have 
some bearing on the opinion, frequently expressed, that butter made from 
over-neutralized cream often is deficient in flavor. 

Davies (24) noted that cream which had developed certain amounts of 
amc and acs did not yield butter having flavor or aroma when the cream 
was neutralized to 0.10 to 0.15 per cent acid and flash pasteurized. Disap- 
pearance of amc and ae^ from the cream was explained on the basis of 
volatility of the aroma constituents and absence of oxidation of amc in the 
butter. Examination of many samples of neutralized cream butter after 
6 months in storage revealed no trace of aca or amc aco by the usual ana- 
lytical methods. Later Davies (26) stated that butter made from neutral- 
ized cream possesses no butter flavor; if flavor is required, the pasteurized 
and cooled cream is ripened by addition of culture to different acidities, 
depending on the degree of flavor desired. 

According to Prill and Hammer (98) neutralized and pasteurized cream 
frequently had a lower ae, content than the raw cream. With cream having 
an original acidity of 0.5 to 0.6 per cent, it was found that after preliminary 
neutralization to 0.25 per cent acid, or during the first part of the heating, 
the acs content fell to a very low value and the amc content commonly 
decreased slightly. The compounds may have been reduced to 2,3-butylene 
gl.yeol. When the cream had been heated to pasteurizing temperature, and 
also in subsequent examinations, the aca contents showed very significant 
increases. The amc content showed an increase when the cream had reached 
pasteurizing temperature and then remained fairly constant in the subse- 
quent examinations. The authors stated that the increase in acs may 
possibly have been caused by non-biological oxidation but the increase in 
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ame tlirougli non -biological reactions seemed improbable. Net result of tbe 
cream processing was a decrease in ac 2 content and relatively little change 
ill ame content. 

Influence of Certain Metallic Salts 

Molir and Arbes (77) noted that when milk or cream was treated with 
certain metallic salts and then soured and stored for approximately 20 honrSj 
or allowed to sour during such storage, the aco content was increased over 
that of the control lot, Tlie salts tested, in order of increasing effectiveness, 
were cupric chloride, manganese chloride, ferric chloride and a combination 
of all three ; they -were added in amounts of 0,5 to 2.0 mg. per 1. of milk or 
cream. Addition of the salts to milk or cream immediately before deter- 
mining the ac 2 was without effect on the results. 

Influence of Churning 

Because of the agitation of the cream and the butter granules in the 
presence of air, churning would be expected to have an effect on the ac 2 
contents of the cream and the resulting butter and perhaps on the amc 
contents. 

Taperiiaux (120) stated that the butter formed by agglomeration of fat 
globules from the cream during chiirning seems to retain the aromatic sub- 
stances, and the aroma of butter continues to increase in intensity through- 
out the days which follow manufacture ; the butter also eontains fermentable 
substances and ferments. According to Davies (22) ae 2 probably is not 
formed until butter is churned and stored. Bnnger (16) noted that the ae 2 
content of cream increased during churning. 

Maze (71) considered that churning must be regarded as an additional 
aerobic fermentation, its object being to oxidize the reductive products of 
the anaerobic lactic acid fermentation and to produce the flavor character- 
istic of fresh, first-quality butter. Eesults obtained by Mohr and Wellm 
(79) indicated that the largest contents of ac 2 and ame were obtained in 
fresh blitter at a ehiirning temperature of 57.2° F. 

Virtanen (128) stated that churning of cream in a churn filled with some 
indifferent gas is obviously not suited to production of butter with a rich 
aroma. He suggested that churning should be carried out in such manner 
as to ensure a iiiaximiim content of air in the butter since this promotes 
formation of amc and finally ae 2 . 

The analyses of Prill and Hammer (98) showed an increase in ac 2 con- 
tent during churning. The authors noted that the ame content would not 
be expected to change greatly in the short period involved. 

Inflnience of Washing Butter with Water 

Because of the solubility of amc and aco in w^ater, the washing of butter 
would be expected to remove some of these materials from it. 
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111 1893, Conn (20) noted that the flavor of butter was very iiiiich more 
prominent without thoroiigii washing* than -with it. If the butter wms 
washed long enough, all of the aroma could be washed away. 

Leiteh (60) indicated that miieh of the aroma of butter is lost during 
the ivashiiig. He recommended washing butter with serum prepared by 
fermenting pasteurized skimmilk with eultiirej removing the curd and filter- 
ing the liquid through sterile linen. Testoui and Ciusa (123) found that 
w^heii butter was washed four times it no longer contained ae 2 when washed 
only twice it eontaiiied the eonipoiind. 

According to results obtained by Barnieoat (6) no extraction of ame + aca 
appeared to take place during the ivashing of butter. Later he (7) reported 
the loss of amc “ ae 2 by the w^ashing of butter w^as relatively unimportant. 

Kreiin (58) noted that butter wash water contained considerable aco. 
Hunger (16) removed the greater part of the amc and ac 2 from butter gran- 
ules by washing them three times. Makar in (67) reported that w^ashing 
butter greatly reduced the aco content. In the analyses of Mohr and Wellm 
(79) iinw'ashed butter contained 1.69 mg. aco per kg. and 9.30 mg. amc + ac 2 
whereas washed butter contained 0.86 mg. aco and 3.78 mg. amc-fac 2 . 
According to Pont (94) approximately fonr-fifths of the amc-f aC 2 origi- 
nally present is removed by the buttermilk and the washing of the butter. 

Mohr and Arbes (77) washed butter with w^ater containing 0.5 to 1.5 mg. 
per 1. of various salts of iron, manganese and copper ; they concluded that 
the salts had no effect on the ae 2 content of the butter. 

Prill and Hammer (98) analyzed several samples of butter wash water 
and found only a fraction of a mg. of amc + ae 2 per kg. They stated that w^hile 
the total amc + ac 2 in w’ash w^ater may be significant, compared to the amount 
present in the butter, it is difficult to differentiate between material which 
comes from the film of buttermilk remaining betw^een the butter granules 
and that which might possibly be removed foom the granules themselves. 
If ame and aco are both held entirely in the serum droplets in the same 
manner, they should be retained in the butter in the same proportion as they 
exist in the ehiirniiig mixture at the time the butter is formed, and any possi- 
ble washing out of the eoiupoimds should also be in this proportion. 

Partition- of Acctylmctliylcarhinol and Diacetyl During Churning 

■When cream is churned, some of the ame and ae 2 goes into the butter and 
some into the buttermilk. This general relationship has led to various 
studies on the partition of the compounds during churning. Presumably, 
from the standpoint of butter flavor, it would be better if all the ame and acg 
present in the cream w’ere retained in the butter. 

Comparative amounts of acetylmethylcarbinol and diacetyl in cream 
and butter. Barnieoat (6) calculated that about oiie-fifth of the amc + ae 2 
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ill cream is carried into tlie butter. Miebaelian aud Hammer (73) noted 
that butter regularly eontaiiied much less ame u ac 2 than the cream from 
which it was cdiiiriied. With four lots of butter the ame -f ac 2 was not 
measurable with the gravimetrie method then eomnioiily in use but with the 
other 52 lots in the series the ratios of ame - ac 2 contents of the cream to 
those of the butter ranged from 1 : 0,032 to 1 : 0.218. The ratios w'ere not 
correlated with the amount of ame aca in the cream or the acidity of the 
cream. 

Eesults obtained by Mohler and Herzfeld (76) indicated that cream from 
which the butter was churned contained about three times more acs than the 
resulting butter. Davies (23) reported that only about one-fit‘th of the 
ame ~r aco in cream appeared in the butter and about one-fourth of the aco. 
Well ripened cream (0.6 per cent acid) containing 5 to 10 ppm. ae^ and 100 
to 250 ppm. ame yielded butter containing 1 to 2 ppm. ac 2 . 

According to Barnieoat (7) the percentage of ae 2 retained by butter 
varies from 0 to 33 per cent, the extremes occurring with neutralized creams. 
Average retention in the butter was 15 per cent of the amount originally 
in the cream. The ratio of aCo in butter to ac 2 in cream (30 to 40 per cent 
fat) was 0.4. The ratio of ae 2 to ame in “mild starter butter examined 
1 day after iiianiifacture was greater than in cream ; the average ratio of ac 2 
to ame in 11 lots of cream was 0.07 while in the butter the ratio was 0.11. 

Brioux and Joiiis (14) found that butter contained less ae 2 than the 
cream from which it was churned. Bunger (16) noted that from one-fourth 
to oiie-sixtli of the acs and from one-fifteenth to one-sixteentli of the ame in 
the cream was present in the resulting butter. 

Barnieoat (7) reported that wdieii amc, as the synthetic eonapoiind, was 
added to pasteurized cream there was, in the absence of butter culture, a loss 
before cliuriiiiig. Kesiilts obtained on 12 churnings showed that from 7 to 
22 per cent (average 14%) of the amc in the cream was retained in the 
butter. 

Davies (24, 25, 26) noted that the ratio of ae 2 in cream to that in butter 
was approximately 4:1; the ratio of amc -f aca in cream to that in butter was 
between 4 : 1 and 5 : 1. 

Analyses made by Mohr and Wellm (79) on washed and worked butter 
showed that the butter had only one-fourth to one-sixth of the aca content 
of the cream and from one-fifteenth to one-sixteenth of the amc content. 

Krenn (58) determined the amounts of aca in butter obtained from 
cream wliieli contained 1.012 and 2.42 mg. aca per L, respectively. The 
butter contained 0.357 and 0.00 mg. aco per kg,, i*espeetiveh^ Krenn con- 
cluded that only a small part of the ae 2 formed during the ripening of cream 
is present in the resulting butter. Brioux and Jouis (14) found that cream 
containing 95.2 mg. amc per kg. yielded butter eontaining 42.4 mg. ; the same 
cream contained 1.92 mg. aco and the resulting butter 1.50 mg. acs- 
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According' to Davies (25) tlie amount of aco in butter is roiigiil}" 10 per 
cent of that in the cream. The amount in the finished butter was considered 
to be iiifiaeneed by the amount of washing- and the fraction of the moisture 
accounted for by the buttermilk droplets which, in turn, depends on the 
degree of working. The author further stated (27) that the distribution 
of ae 2 in butter is roughly |)roportional to the ratio of butter serum to butter- 
milk. 

Results of Eoeeker and Hammer (46) showed that only small percent- 
ages of the amc and ac 2 in a cream-culture mixture were retained in the 
butter, the remainder being in the buttermilk; the percentage retention was 
essentially the same with various enltnres, although with each culture there 
was considerable variation from one ehnrning to another. 

Hedrick and Hammer (45) rei^orted that wdth 74 semi-commercial ehurii- 
ings of iinsaited butter, the iiiinimuni, maximum and average ratios of the 
aco contents of the ripened cream and of the corresponding butter were 
1:0.142, 1:0.709 and 1:0.352, respectively; the corresponding ratios for 
ainc were 1 : 0.059, 1 : 0.683 and 1 : 0.217, respectively. The investigators 
also noted that the aco and amc contents of a series of lots of butter some- 
times did not follow the same order as the contents of the lots of cream from 
which the butter was churned. The irregularities were of ail possible types. 
Ill some eases the aG 2 or ame content of a lot of butter was lower than that 
of an earlier lot in the series, although the content of the cream was higher. 
In other eases a value for ae 2 or amc was lower than the values on the lots 
preceding and following it in the series, even when there was no drop in the 
value for the cream. Still other types of variations occurred. The ac 2 con- 
tents of the senii-eoiiimereial churnings of butter ranged from 0.16 to 1.46 
ppm., while the ame contents varied from 2.9 to 24.0 ppm. The highest 
values for both ac 2 and amc were obtained on a lot of butter made from 
cream ripened with agitation after addition of 0.1 per cent citric acid. 

Hoecker and Hammer (47) stated that, in butter made with butter cul- 
ture, ame and aco are derived largely from the culture added to the cream 
and from fermentation of citric acid during holding or ripening of the 
cream. 

Comparative amounts of acetylmethylcarbinol and diacetyl in cream 
and buttermilk. In 1893, Conn (20) noted that, after chiirning, nearly all 
the flavor produced during the ripening of cream was contained in the 
buttermilk. Butter aroma, therefore, w^as considered due to changes in some 
constituent of the cream other than fat. 

Hammer (40, 41) stated that, when cream was churned, much of the amc 
and ae 2 in it was carried into the buttermilk so that the buttermilk contained 
more ame and acs than the cream. Miehaelian and Hammer (73) found that 
fresh buttermilk regularly contained more ame -f acg than the cream from 
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wliieli it was obtained. Tlie ratios of ainc - aco in the cream to that in the 
buttermilk ranged from 1 : 2.0 to 1 : 3.1. In a series of churnings involving 
cream of various acidities, the ratios ranged from 1 : 1.1 to 1: 2.1. 

According to Davies (23) aeration of cream during ehnrningj and tlie 
coiiseciiient readjiistnieiit of the ratio of aco to ame in the buttermilk, causes 
the buttermilk to contain more aco than ripened cream. An increase in the 
acidity of the buttermilk resulted in a decrease in the aco content. 

Buiiger (16) found that buttermilk contained from 2.4 to 4.0 times more 
ac 2 than the sour cream before churning. Eesults obtained bi’ Davies (24) 
indicated that the ratio of acs in buttermilk to that in the original cream 
varies from 2 : 1 to 3 : 1, depending on the fat content of the cream and the 
ratio of aco to ame in the cream. 

Ivrenn (58) determined the amount of acs in buttermilk obtained from 
cream which contained 1.012 and 2.42 mg. ae 2 per L, respectively, before 
churning. The buttermilk contained 1.250 and 4.098 mg. per L, respectively. 
Buttermilk having an initial ac 2 content of 4.59 mg. per 1. showed 4.53 mg. 
after holding 8 hours and 4.65 mg. after holding 24 lioiirs. This increase 
w’as believed due to the lactic acid and aroma-forining bacteria which were 
present in large numbers. 

Makar In (67) noted that the ae 2 content of buttermilk -was greater than 
that of the cream before churning. Eesults obtained by Mohr and 'Wellin 
(79) show^ed that buttermilk contained 2.4 to 4.0 times as much ac 2 as the 
cream before churning. Brioiix and Jouis (14) stated that after churning 
the ae 2 and amc in fermented cream \vere contained largely in the butter- 
milk. Fermented cream containing 95-2 mg. amc per kg. yielded buttermilk 
coixtaining 195.3 mg. ; the same cream contained 1.92 ing. ae 2 and the result- 
ing buttermilk contained 3.10 mg. 

Comparative amounts of acetylmethylcarbinol and diacetyl in butter 
and buttermilk, van Niel et al. (126) found ac 2 in a sample of buttermilk 
having an exeeptionalh’ fine aroma and a high amc content. According to 
Hammer (41) there is a concentration of amc and ae 2 in the buttermilk 
rather than in the butter. 

In order to check the accuracy of his investigation, Ivrenn (58) at- 
tempted an aco balance. In one trial 10 kg. of cream (21% fat) produced 
2.42 kg. of butter and 7.58 1, of buttermilk. The cream (9.88 1.) contained 
10.0 mg. of acs, the resulting butter contained 0.86 ing. and the buttermilk 
(7.58 1.) contained 9.15 mg. Therefore 10.01 mg. of ac 2 wms obtained in all, 
or 0.01 mg. more than was present in the cream. In another trial 10 kg. of 
cream (24.5% fat) produced 3.06 kg. of butter and 6.94 1. of buttermilk. 
The cream (10 1.) contained 24.2 mg. of aca and the resulting butter con- 
tained none ; the buttermilk (6.94 1.) contained 28.4 mg. or 4.2 mg. more than 
the original cream. This result was explained by a conversion of ame in the 
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cream to ac 2 by tbe earboiiie acid present. To clarify this point 2 1. of sour 
cream containing 4.06 iiig. of aco was cbiirned in a hand churn. The butter- 
milk was drawn completely and the resulting butter was w^aslied three times 
with water. The buttermilk contained 6.14 mg. of aco., the first wash water 
3.16 mg. and the twm succeeding wash waters none. The resulting butter 
contained 0.3 mg. ac 2 - In the trial, 5.54 ing, of ac 2 more than was present 
ill the cream was accounted for. It appeared that ac 2 actually was formed 
during the ehiirning process by oxidation of ame. 

Results obtained by Alberti (1) indicated that considerable anic and aco 
remained in the buttermilk. 

Prill and Hammer (98) noted that certain general relationships applied 
to the distribution of ame and ae 2 between the butter and the buttermilk in 
all the churnings studied. The estimated mg. aco in the buttermilk and the 
butter deriwed from 1 kg. of ehnrning mixture agreed fairly well with the 
content of the partly churned mixture and the estimated mg. amc -f ac 2 in 
the two products agreed fairly well with the content just before churning. 
The aG 2 contents of the butter were very nearly one-fifth those of the cor- 
responding buttermilk. Since butter contains one-fifth serum, it would 
appear that ae 2 is contained entirely in the serum of butter. However, the 
amc -f ae 2 content of the butter was, in most eases, onh" about one-tenth that 
of the buttermilk. The average of the estimated percentages of ae 2 in the 
churning mixtures that were retained in the butter was 8.8 per cent, and the 
corresponding value for amc -r ac 2 was 4.5 per cent. 

Partition of acetylmethylcarbinol and diacetyl between aqueous and 
fatty constituents of cream and butter. Orla- Jensen (85) stated that since 
the aroma of butter is produced outside the fat globules, it might be expected 
to wash out as easily as the lactic acid, but this is not the case. Isigny 
butter, which had a stronger aroma than any other make, was subjected to 
a very thorough washing during its manufacture. The explanation given 
was that butterfat can absorb essential oils and other odoriferous substances, 
both pleasant and unpleasant, and the aroma of the cream therefore passes 
into the fat globules. It was thought that the greater the proportion of fat 
globules present, the less aroma would be available for each globule and 
experience has shown that a high fat percentage is not conducive to produc- 
tion of an aromatic butter. 

King (56) found a slow diffusion of ae 2 between the fat and serum 
phases of butter, ae 2 being dissolved in the fat fraction as well as in the 
serum. He believed that a slow diffusion of aca from the serum to the fat 
occurred during storage. 

Tapernaiix (120) indicated that, during the course of cream fermenta- 
tion, aca is formed in the water and in the fat and divides itself between the 
serum and fat so that a part is eliminated in the buttermilk and also in the 
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Avasli water. Haniiiier (40, 41) reported tliat the ame and aco in butter is 
mostly in the serum and only very little is in the fat. 

According to Baniicoat (6) the final concentration of amc ~ acs in butter 
is dependent on the amount of buttermilk retained. He believed that the 
eonipoimds probably are held in the aftiieous portion and are possibly ab- 
sorbed on the protein rather than dissolved in the fat. 

Miehaelian and Hammer (73) found the amount of ame-raco in the 
seriiin of butter was higher than the amount in the fat. Makar fin (67) 
stated that aco in blitter exists in the butter plasma which W’as considered 
to be made up of about one-half buttermilk. In one of eight trials, traces 
of aco Avere found in the fat itself. 

Davies (24, 25, 27) considered that since the vapor pressure of acs is 
higher than that of ame a greater amount of acs than of aiiie would be 
expected in the fat phase of cream. The amount of ae 2 in the fat, liow’ever, 
AA’as less than the ainoiint in the aqueous phase of butter. The author noted 
that a considerable ainoiuit of both ae 2 and amc occurs in the fat phase. 

Mohr and 'Wellm (79) determined the amounts of ame and ae 2 in butter, 
butt erf at and butter serum Avhieh was obtained by careful melting at 113° F. 
Blitter containing 0.56 mg. aco and 14.84 mg. ame e- aco per kg. had 0.52 mg. 
ac 2 and 5.14 mg. ame ~ aco per kg. in the fat. Butter serum contained 1.24 
mg. ae 2 and 61.1 mg. ame -f ae 2 per 1. 

Virtanen (128) stated that aco obviously is dissolved in the water portion 
of butter and is distributed between the buttermilk and the butter in the 
same proportions as water. 

Results of Baniicoat (7) showed a higher ratio of ae 2 to amc in butter 
than in the cream from ivhieh it was chiirned. He considered that this 
observation might indicate a partition of the ac 2 with the fat but the data 
pointed to an actual development of amc in the butter. Neither ac 2 nor 
ame ivas concentrated in the fat during butter manufacture, Makar in (68) 
stated that amc and aca are not absorbed by the fat globules but are con- 
tained in the aqueous portion of butter. He believed that the aroma of 
blitter was infliieneed by the concentration of aqueous constituents of the 
cream retained in the butter ; as a rule this represented about 60 per cent 
of the total moisture content of the butter. 

Hoecker and Hammer (47) studied the distribution of ae 2 and amc 
between ‘‘Wesson’’ oil and w’ater or brine. In the mixtures the water or 
brine regiilaiiy contained higher concentrations of aca and ame than the oil, 
the differences being greater ivith ame than with aca- The percentage of 
aco in a mixture that ivas contained in the oil was increased by sodium chlo- 
ride ill the wmter. The concentration of ae 2 in a mixture did not affect the 
percentage in the oil. Concentrations of ame in the oil were very low and 
the different concentrations in the mixtures gave essentially the same per- 
centages ill the oil. Studies made on the distribution of ac 2 and amc between 
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biitterfat and water or brine showed that the water or brine regularly con- 
tained higher concentrations of the compounds than the fat; differences 
were greater with anic than with aco. As the eoneeiitration of ae 2 in a mis:- 
tiire increased, the percentage in the fat did not change appreciably, while 
as the concentration of anic in a mixture increased, the percentage in the fat 
decreased. Studies on the distribution of aco and amc between the fat and 
serum of iinsalted and salted butter showed that the serum of butter con- 
tained higher concentrations of ac 2 and amc than the fat, with the greater 
differences again iiivolYing the ame. Averages of the percentages of ac 2 
and amc contained in the fat were smaller with nnsalted than with salted 
butter. The percentage of aco contained in the fat was independent of the 
concentration in the butter, whereas the percentage of amc usually decreased 
somewhat as the concentration in the butter increased. Addition of a solu- 
tion of aco or a distillate of butter culture to salted butter resulted in essen- 
tially the same distribution of ac 2 as when the butter was made from cream 
containing butter culture. The amounts of aco and amc in butter, as calcu- 
lated from its eoinpositioii and analyses of the fat and sernm, agreed fairly 
closely with the determined amounts. In nnsalted butter aCo and amc con- 
centrations in the serum ranged from 0.25 to 3.55 ppm. and from 4.85 to 
119.16 ppm., respectively, and those in the fat varied from 0.19 to 1.11 ppm. 
cind from 0.88 to 6.86 ppm., respectively. The fat contained from 44.4 to 
75.0 per cent of the ac 2 and from 26.2 to 46.8 per cent of the amc in the 
butter. In salted butter aco and ame concentrations in the serum ranged 
from 0.07 to 2.00 ppm. and from 1.72 to 59.00 ppm., respectively, while those 
in the fat varied from 0.02 to 0.92 ppm. and from 0.29 to 4.87 ppm., respec- 
tively. Of the total ac 2 and amc in the salted butter, the fat contained from 
48.5 to 78.4 per cent and from 23.6 to 46.0 per cent, respectively. The in- 
vestigators concluded that comparative solubilities in the fat probably ex- 
plain why with ac 2 the concentration in butter does not affect the percentage 
of the total that is retained in the fat, while with amc an increase in the 
concentration in butter decreases the percentage of the total that is retained 
in the fat. The low solubility of ame was believed to limit the amount 
taken up by the fat. Variations among samples of butter in the percentages 
of total ae 2 or ame that were contained in the fat were thought to be due to 
several factors, such as composition of the butter, physical state of the fat, 
churning procedure and degree to which water is dispersed in the butter; 
also, analytical errors involved in determining very small quantities of the 
compounds may be of minor significance. It also was eoneliided that since 
large percentages of the ae 2 and amc in cream at churning are removed with 
the buttermilk, higher eoncentx'ations of the compounds would be expected 
in the serum of butter than in the fat. Although concentrations in the fat 
w^ere relatively low, the percentages of the compounds in butter that were 
contained in the fat were comparatively high because butter contains ap- 
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proximately 80 per cent fat. Partitioning of aco and amc between tlie seram 
and fat was tlioiiglit to reach an eqniiibrinni in a relatively short time. 

Infiuence of BeivorJiing Butter 

Reworking butter has an effect on the action of inicro-organisms in it, 
including the butter culture types (64). 

Bariiicoat ( 7 ) stated that butter which develops off flavors during cold 
storage usually is considerabh^ imX)roved by reworking. This improvement 
has beeii thought to be due to formation of ae2 ; results of the author, how- 
ever, showed a slight decrease in ae2 on reworking butter. 

Influence of Storage of Butter 

During the holding of butter there are various possibilities in connection 
with changes in the amc and ae 2 contents. The eoinpounds may disappear 
through action of organisms or through chemical reactions. Also, under 
suitable conditions, they may be formed, particularly through action of the 
normal butter culture organisms ; these organisms are much more active in 
unsalted than in salted butter (81). 

Salted butter. Testoiii and Ciusa (123) found that the amount of aca 
ill butter decreased on holding and that aco did not develop in butter origi- 
nally coiitainiiig none. Tapernaux (120) stated that butter having an 
intense aroma tends to lose aroma as the holding period is extended and the 
aroma even disappear. He suggested that the aco is transformed into 
amc by reduction and then into 2,3-butylene glycol. Loss of aroma also was 
explained b}" the volatility of aco. Davies (22) reported that aco is lost 
more rapidh" in butter of higher acidity. 

According to Barnieoat (6) when butter was made from slightly ripened 
cream, with or without butter culture, the amc + ae 2 content remained fairly 
constant throughout the storage (193 days at 14° to 17° P.). Butter made 
from cream which had been slightly ripened -with culture showed some con- 
version of amc to aco; however, in two samples less ae 2 was present at 6 
months tban at 3 months. All the butter made with culture contained con- 
siderable amc + aca (0.7 to 2,3 ppm.). The acs disappearing from butter 
during storage was considered lost through oxidation to simpler substances. 
Decomposition, of ac 2 was greater in butter made without culture than in 
butter made with culture. In butter made with culture, a certain amount 
of ae 2 was lost and considerable of the original ae 2 was reduced to ame. The 
author believed that reduction of ac 2 to amc in butter made with culture was 
promoted by the reducing action of the culture organisms. The loss of ac 2 
in butter made without culture, and to a less extent in butter made with cul- 
ture, was considered due to oxidation by air. Decomposition of ae 2 in oxi- 
dized and tallowy lots of butter was found to be less than might be expected ; 
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tills indicated that the fat peroxides may not be as important in the degra- 
dation of aca as is generally supposed. 

Virtaiien and Taniaiieu (129) stated that iviieii deterioration in butter 
is caused by organisms (for example, bacteria of the Ps. fluoresce n$ group) 
ae 2 is lost very quickly ; this is evident before other defects become noticeable. 

In the studies of Slatter (115) amc-rae 2 usually vras not produced in 
salted blitter. No conspicuous increases oecimred, even when very little 
salt was present. Salt appeared to retard the decrease in amc + ac 2 in butter 
held at various temperatures. 

Davies (23) Reported that butter made from ripened cream must stand 
16 to 24 hours before the maximum aroma develops. This phenomenon 
occurred at any temperature between 30° and 60° F. Very little increase 
in aroma occurred at 15° F. The increase in aco after the manufacture of 
butter was considered to be due to bacterial action on ame and to autoxida- 
tion of amc. In cream after ripening there is no ox 3 ^gen in solution but, 
after eluirning and working the butter, conditions are different in that the 
water in butter is saturated with atmospheric oxygen. The organisms in 
the buttermilk droplets in butter were believed to readjust the aco : ame ratio 
to that existing in the earh^ stages of cream ripening so that some of the 
excess amc is converted to ae 2 . The high aeiditj^ of the buttermilk droplets 
was thought to cause a slight organic acidit^q due largety to oleic acid being 
split from the fat. Free oleic acid in the presence of atmospheric oxygen 
was thought to develop small amounts of peroxides which oxidize some of 
the amc tp aco. After 24 hours, the bacteria of the butter apparently utilize 
all the oxj^gen and there is no aco formation. Davies eoneliided that the 
degree of flavor is lowered by a gradual oxidation of ac 2 to a flavorless 
product. 

Barnicoat (7) observed no marked change in the ae 2 content of butter 
during frozen storage for 3 to 4 months. When butter was held at 40° P. 
for 7 to 10 dai^s after manufacture, the ae 2 content decreased in some eases. 
Butter in which the greatest increases in ac 2 were observed were made from 
cream to which amc had been added and in which the culture was growing 
fairW vigorousl,y at churning. Development of aco in butter fresiifv made 
with culture was considered due to activiti” of the bacteria or their enzymes. 
The author concluded that the aca content of butter made with culture, even 
after cold storage, generally is dependent on the concentration originalV 
present in the cream. When acg was added as the artificial substance, a 
decrease was observed ; butter made with butter culture tended to increase 
slightl}". Development of acs in butter was not retarded, even when the 
butter was manufactured under reduced air jiressure. An increase in ac 2 
content of butter on holding 25 daj^s at 40° P. was not considered due to 
atmospheric oxidation. 

Biinger (16) found the aCo content of sour cream butter held at 62.6° to 
71.6° P. remained practically the same during the first 4 days, whereas hold- 
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iiig at 46.1"^ to 50"^' F. gave a slight increase in aco. After 12 dars al 46.4° 
to 50° F., or higher, a decrease was iioted in all eases., At 14° to 32° P. the 
ae 2 content was the same after 10 days. 

According to Yirtaiien (128j the aroma of butter made from aerated 
cream, as well as that of butter made from iion-aerated ereaiiij greatly de- 
creased during storage. Deterioration in butter made from aerated cream 
was no more extensive than in butter made from non-aerated cream ; after 
1 month both samples were graded approximately equal. Yirtaneii stated 
that disappearance of butter aroma during storage is an important problem 
for export countries, where butter cannot he sold fresh. 

Matuszewski et al. (69) noted a distinct decrease and even disappearance 
of butter aroma in butter held 1 week at 50° to 59° F. ; the butter decreased 
in both ae 2 and amc. Brioux and Joiiis (13) reported that the amount of 
aco in butter decreased rapidly. "Within 15 to’ 18 days after manufacture, 
the aco content of butter decreased to about one-tenth of its original value. 
One lot of butter containing 1.5 mg. aCo per kg. the day after ehurniiig con- 
tained only 0.05 mg. 26 days later. 

Results of Davies (24, 25, 26) indicated that ripened cream butter re- 
quires from 12. to 24 hours before the full flavor develops. During this 
period amc is oxidized to ae 2 and an equilibrium is set up in the ratio of 
ac 2 to ame which is diiferent from that in cream. Davies indicated that a 
different ratio is to be expected because there is practically no oxygen in 
solution in ripened cream while fresh butter is saturated with air. 

Slatter and Hammer (117) did not find a significant increase in amc -i- ae 2 
when salted butter was held at various temperatures. Butter containing 
0.75 per cent salt showed a rather rapid disappearance of ame -r ae 2 at 44°, 
50° or 60° P. The amounts of ame -raco in butter eoiitaining 1.0, 1.5 or 2.5 
per cent salt remained fairly constant. Failure to obtain significant in- 
creases in the amc -f ae 2 in salted butter was expected because of the restrain- 
ing action of salt on the eiilture organisms. 

Data obtained by Brioux and Jouis (14) indicated that in fresh butter 
ae 2 disapj)ears rapidly when the butter is held. Butter containing 1.50 mg. 
ae 2 per kg. the day following mannfaetiire, showed 0.60 mg. after 5 days, 
0.13 iiig. after 18 days and 0.05 mg. after 27 days. The ame content was 
42.4 mg. per kg. the day following inanufacture and 20.4 mg. after 27 days. 

Pont (94) stated that full flavor does not develop in butter until approxi- 
mately 24 hours after churning. There was no flavor development in butter 
held at the freezing point or louver. 

Mohr ct al. (78) found that sweet cream butter, with as much as 0.4 mg. 
aco per kg. when fresh, contained practically none after 6 months in storage. 
Ylien sour cream butter containing 1 to 2 mg. acs per kg. was stored 6 
months, the ac 2 content was reduced or remained constant. Various pack- 
ing materials, such as parchment paper, Iran.sparent water-proof paper and 
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glass, liad no effect on tlie ae 2 content. Storage of tlie butter in an atmos- 
phere of carbon dioxide also had no effect. Iron and copper introduced 
into the butter from equipment increased the ae 2 content during storage but 
often caused off flavors. 

Analyses on salted butter at various periods by Prill and Hammer (99) 
showed a rather high retention of ac- and amc, even at 70° F. Bevelop- 
inent of tallowdness at this temperature, which is eoinmoii because of the 
great effect of relatively high temperatures on appearance of the defect, was 
not accompanied by a sharp decrease in ae 2 or aiiic contents. 

Toth (125) noted that with butter prepared from acid cream the amount 
of aroma-producing substances increased for several days and then rapidly 
decreased. With butter made from sweet cream, a slow but constant de- 
crease wms observed ; storage at low temperatures impeded these changes. 

Hoecker and Hammer (47) obtained both increases and decreases in ac 2 
with butter held 1 day at .40° F. and then 2 and 4 weeks at 0° or 35° F., the 
larger changes usually occurring at 35° F. Oeeasionally, increases in ac 2 
contents after 2 weeks were followed by decreases after 4 w^eeks. Except in 
a few instances, the amc contents did not change appreciably. 

Unsalted butter. Results obtained by Slatter (115) showed that 
aiiic ae 2 commonly wms produced in iinsalted butter made with culture 
when the butter wns held under favorable conditions, although the amounts 
in different lots held under the same conditions varied considerably. The 
largest production usually occurred at the highest holding temperature 
(60° P.) and in lots which developed the lowest pH. In several instances 
the amounts of amc - ac 2 in unsalted butter decreased during the fix\st few 
days of holding and remained low, while in other eases a decrease was fol- 
lowed by an increase. A decrease regularly followed the maximum produc- 
tion of amc -^aco. A larger production of ame-f ae 2 occurred in the butter 
wdien 10, 15 or 20 per cent butter culture was added to the cream than wdien 
5 per cent was used. In some eases addition of flavor-producing strepto- 
cocci to the cream along with butter culture appeared to increase production 
of amc -r ac 2 in butter during the holding. 

Slatter and Hammer (117) found that -when unsalted butter was held 
at 0°, 34° or 44° F. the amounts of amc~ac 2 sometimes increased and some- 
times decreased, both increases and decreases being more definite at 44° F. 
than at lower teinperatiires. Increases commonly occiuTed at 50°, 60° or 
70° P. At 50° and 60° P., maximum production usually was noted after 
7 days. At 70° P. there was a decrease from the fourth to the seventh dajL 
The pH of blitter held at 44°, 50° and 60° F. W'as reduced gradually while 
at lower temperatures not much change occurred. A low pH in butter 
coimnonly was accompanied by a large production of amc + ae 2 . Lowering 
of the pH and production of ame + aco at relatively high temperatures sug- 
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gest that esseutially the same changes take place in imsalted butter as in 
butter culture. The decrease in ame-aca in unsalted butter is in agree- 
ment with the disappearance of these materials in butter cultures and is 
due, presumably, to reduction of amc or aco to 2,3-butylene giycol by the 
flavor-producing streptococci. Development of ame aco at favorable tem- 
peratures suggests that a short ripening period may be desirable for com- 
mercial niisalted butter from the standpoint of obtaining flavor. However, 
these temperatures may also favor develo]^inent of undesirable organisms. 

Eesiilts of Mohr and Wellm (79) indicated that holding temperature 
exerts a decisive influence on the aco and ame contents of butter. At 62.6°, 
64.4° and 71.6° F. the amounts of ac 2 in sour cream butter remained prac- 
tically constant for the first 4 days. Butter held at 50° F. usually showed 
an increase after 4 days. The aco content decreased considerably in butter 
held 12 days above 46.4° F. ; at 14° to 32° F. it remained practically con- 
stant, even after 12 days. 

Prill and Hammer (99) found significant changes in ac 2 and in ame 4- ac^ 
in unsalted butter held at 36° to 45° F. and at 70° F. ; undoubtedly these 
were due to activity of the culture organisms. The changes involved both 
increases and decreases, as would be expected from the general relationship 
of the culture organisms to amc and ae 2 . An increase in the ae 2 content of 
unsalted butter was believed to be important in the flavor development which 
this product often undergoes ; a subsequent decrease presumably is accom- 
panied by a partial loss of flavor. 

Analyses by Hedrick and Hammer (45) on lots of unsalted butter before 
and after holding showed the following: Of 56 lots of butter held 1 week 
at 36° to 40° F*., 47 showed increases in ac^, 2 showed no change and 7 
showed decreases; with the same lots, 38 showed increases in amc and 18 
showed decreases. When the lots were held 3 days at 60° F. pins 4 days 
at 40° F., 45 showed increases in aco and 11 showed decreases; with the same 
lots (minus 1), 37 showed increases in amc and 18 showed decreases. Of 
43 lots of butter held 1 month at 36° to 40° F., 39 showed increases in ac 2 
and 4 showed decreases; with the same lots (plus 1), 29 showed increases 
ill amc, 1 showed no change and 14 showed decreases. The aco and amc 
contents of butter held 3 days at 60° F. plus 4 days at 36° to 40° P. and 
of butter held 1 week at 36° to 40° P. were compared. The holding at 60° 
P. resulted in a higher aco content in 42 of the 56 comparisons, no ehange in 
1 and a decrease in 13 ; the ame content was higher in 40 of the 55 compari- 
sons, the same in 4 and lower in 11. 

ACTION OF ACETYLMETHYLCARBINOL AND DIACETYL ON BUTTER 

Recognition of the importance of amc and ac 2 from the standpoint of 
flavor and flavor development in butter at once suggested consideration of 
the relationship of these compounds to butter deterioration. Two angles 
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are involYed, elieiiiieal and microbiological. Since ae-j rather highly oxi- 
dized, it readily acts on certain compounds that are easily oxidized and in 
this "ivay inigiit produce off flavors in butter. Also, ac-i has germicidal 
properties and might influence growth of microorganisnis in butter, thus 
preventing development of certain off flavors. 

Gh emical Considerations 

King (56) studied the influence of aco on butt erf at by adding it to 
melted and filtered fat, obtained from sweet cream, in concentrations of 
0 . 05 , 0.01 and 0.005 per cent. The fat used was almost odorless and the ac-j 
went into it on warming. One series of tests was eondiieted in diffuse day- 
light at approximately 64.4° to 73.4° F. while the other was carried out in 
the dark at 71.6° to 75.2° P. In the presence of air the biitterfat became 
bleached and tallowy. The change was accelerated by light. Bleaching 
was first evident at the surface and progressed from there. In general, 
tallowiiiess appeared later than the bleaching. Rate of bleaching and de- 
gree of tallowiiiess were proportional to the amount of ac 2 present. King 
suggested that ac 2 may act on butterfat by oxidizing oleic acid to oleic acid 
peroxide, which then breaks up into various compounds having a pronounced 
tallowy odor and flavor, the aco being reduced to anie or even to 2,3-bntylene 
glycol. The following reactions were suggested as explaining the action of 
ae 2 on oleie acid : 

CH,r (CH2):'CH = CH- (CHo),- COOH 

1 :l ml 

^ CH;; ■ CO • CO ■ CH, - i|[| Q Igi + 6 o -H- 

CH. ■ ( CH2 ) r • OH - CH • ( CH. ) T ■ COOH + OH, • CO ■ CHOH • CEV H..O0 

I ] 

0 — 0 

The hydrogen peroxide reacts with hydrogen to form water. Fixation of 
oxygen on the colored material of the fat also was suggested since the 
carotinoid pigments are rich in double bonds. 

According to Tapernaiix ( 120 ) the more aroma butter possesses, the 
poorer is its keeping qualities. Kay (54) reported that oxidation of aiiie 
during storage of butter indicates oxidative changes in the butterfat. But- 
ter with pronounced aroma had poorer keeping qualities than butter with 
less aroma. Davies (22) noted that one of the disadvantages of amc in 
butter is its action as an oxidation catalyst, accelerating deterioration of the 
fat. 

Hammer (40) stated that ae 2 is highly oxidized and can react wdth vari- 
ous materials. Large quantities of it bleached butterfat and produced tal- 
lowy odors and flavors. Small amounts, such as are present in butter, were 
not considered a direct cause of these defects. Action of ac 2 was consider- 
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ably slower if an acid, stieli as lactic or sulfuric, was present. Haiiiiiier 
noted that acT, worked into butter may have a better opportunity to react 
with fat and other constituents than if it is largely present in the moisture 
droplets of the butter. Later, in commenting* on King’s studies (56) 
Haiiiiiier (41) pointed out that butterfat exposed to air develops a tallow^” 
odor and flavor, the action being surprisingly rapid. He also suggested that 
observations on the action of ae 2 on butterfat cannot be directly applied to 
the action of aco when it is added to butter for the purpose of improving 
the flavor because of the very small amounts used and probably for other 
reasons also. 

An article published by the Polaks Frutal "Works (93), and intended to 
refute a published statement (2j, indicated that ae^ does not exert a definite 
oxidizing action on fats but has a tendency to reduce. 

Bariiieoat (5) did not consider acs in itself to be responsible for the 
poorer keeping qualities of ripened cream butter. Later, he (7) stated that 
ac 2 has no effect on the keeping qualities of butter made from 'Lnild starter” 
cream. Added ae 2 (6 ppm.) was not important in promoting deterioration 
of butter held 3.5 months at 14° F. Bariiieoat noted that marked deteriora- 
tion of high acid butter is related to low pH and not to its high ae 2 content. 

Results obtained by Davies (23) led to the eoneliisioii that with low- 
flavored butter it is unlikely the traces of ac., (0.1 to 0.3 ppm.) present will 
initiate aiitoxidation in the absence of considerable serum acidity; nor is 
this the ease with medium-flavored butter (0.4 to 0.8 ppm. aC'i) or full- 
flavored butter (0.9 to 2.0 ppm. aco). Much larger concentrations of ac 2 
(6.0 ppm.) were very active in promoting fat aiitoxidation, the compound 
being more active in this respect than an equivalent amount of oleic acid. 
Davies also reported (24) that tallowiness in full-flavored butter is not due 
so iiiucli to ae 2 as to conditions associated with iiianiifactiire of such butter. 
Later (25, 26, 27), he stated that full-flavored butter does not keep well but 
develops fishiness and oxidative rancidity much more rapidly than butter 
made from sweet or neutralized cream. The aroma eoiistituent was not con- 
sidered responsible for these defects but rather the high acid content. The 
amount of acs in butter was regarded as too small to initiate or catalyze 
oxidative changes. 

Pont (94) indicated that the peroxides formed as a result of the libera- 
tion of oleic acid oxidize ac 2 to flavorless compounds during butter deteriora- 
tion, Further changes involve breakdown of lecithin, resulting in fi.sliy 
flavor, and oxidation of butterfat, resulting in stale and tallowy flavors. 

The peroxide numbers on samples of butterfat which were heated to 
219.2"° F. and held there for 8 hours were determined by Ritter and Niiss- 
baiimer (101). Addition of 0.1 or 1 per cent ac 2 to the butterfat resulted 
in a significant increase in peroxide number; the addition decreased the 
oxidation resistance of the butterfat. When butterfat contained 0,1 or 1 
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per cent added aco, it was miieli more siiscei)tible to oxidation than control 
samples or samples containing less than 0.01 per cent aco. The greater the 
susceptibility of untreated biitterfat to oxidation, the greater the accelerat- 
ing influence of aca. 

Wiley (136) stated that the presence of butter culture organisms in 
blitter favored oxidation of the fat at cold storage temperatures. This was 
thought to be due to some product of bacterial metabolism acting as a pro- 
oxidant ; the product was not amc or acs. 

In referring to the work of King (56) Prill and Hammer (99) noted 
that he used pure butterfat with a relatively high coiiceiitration of added 
ac 2 and, in some eases, rather drastic treatments, such as exposure to light, 
while in butter it is probable that much of the ac*. is in the water phase 
rather than entirely in the fat. In geiiei^al, it appeared that the amount of 
ac 2 ordinarily encountered in butter has no significant effect on promotion 
of ehemical defects and that other factors, such as copper content of the 
butter and pH of the serum, are of more importance in this eoiineetion. 

Barnicoat (7) compared the vitamin A and carotene contents of lots of 
butter (made from portions of the same batch of cream) after 22 months at 
14° to 17° P. ; ac 2 was added to two of the lots during working at the rate 
of 4 ppm., or more than 12 times the concentration usually found in “mild 
starter” butter. The loss of vitamin A and its precursor carotene in both 
sweet cream and “mild starter” butter containing unusually large propor- 
tions of ac 2 was not greater than in control butter churned from sweet cream. 

Huiiziker and Cordes (48; p. 357) studied several thousand churnings 
of butter made from unripened cream in which ae 2 (approximately 3 to 4 
ppm.) was added to the butter. After holding the butter 2 to 9 months, 
there was no indication of bleaching, tallo%vy flavors or other flavors such as 
might be attributable to oxidation by aco- 

Toth (125) stated that too high a concentration of aco is disadvantageous 
in the storing of butter since, on its reduction to amc, fats become rancid. 

MicroMological Considerations 

Lemoigne (61) stated that ae 2 in relatively small and variable amounts 
can retard development of micro-organisms. Experiments of Levy-Bruhl 
and Cado (62) showed that Staphylococcus aureus wms killed in bouillon by 
0.1 per cent ae 2 but not by 0.04 per cent. Various organisms, iiielnding 
streptococci, pneumococci, gonococci and typhoid, paratyphoid, diphtheria 
and coliform types, were killed by 0.04 per cent but not by 0.02 per cent. 

AMOUNTS. OF ACETYLMETHYLCARBINOL AND DIACETYU IN VARIOUS 

dairy products 

Over the years in which there has been an active interest in amc and 
ae 2 from the standpoint of flavor development in butter and related prod- 
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nets, tlie metliods of determination have changed greath'. For the detection 
of relatively small amounts of these compounds, eolorimetrie methods now 
are commonly used, instead of the less sensitive gravimetric methods (43; 
p. 156). This change in analytical procedure should be recognized in any 
•consideration of the reported ame and aco contents of dairy products. 

Milk 

Testoni and Giusa (123, 124) did not find ac 2 , ainc or 2,3-butyleiie glycol 
ill fresh milk; Mohler and Herzfeld (76) and also Pien et aL (91) did not 
•detect aco in it. Sehmalfuss and TTerner (112) reported that milk intended 
for household use contained no detectable amounts of ac^ or amc, that is, 
less than 0.000024 per cent. 

Aco Avas not found in spontaneously soured milk by Testoni and Ciiisa 
(123) ; later studies (124) indicated that old milk may contain some 2,3- 
butylene glycol. Sehmalfuss and Barthmeyer (111) detected both ac 2 and 
amc in sour milk, about ten times more amc than ae 2 being present. Pien 
■et ah (91) did not find aco in acid coagulated milk. 

Skimmilk 

AYlien 1 1. Avas used for the distillation, Krenn (58) did not find ac 2 in 
skimmilk. Sehmalfuss and Werner (112) reported neither ac 2 nor amc in 
fresh skimmilk. Mohr, and Wellm (79) believed that skimmilk contains 
both ae 2 and amc, although only to a very small extent (0.17 mg. aco per 1.). 

Cream 

Testoni and Giusa (123) detected ac 2 in centrifuged cream. According 
to Miehaelian and Hammer (73) SAveet cream frequently contains a small 
■amount of amc + ac 2 ; hoivever, cream freshly skimmed from milk low in 
bacteria showed none in 200 g. Pien et al. (91) found no ac 2 in fresh cream. 
:Slatter (116) stated that since a high acidity is necessary for production of 
ae 2 , it is not found in sweet cream. Krenn (58) did not detect aca in sweet 
-cream AA^hen 1 1. was used for the distillation. 

Tapernaux (120) reported that aca can be detected in ripened cream, 
especially when the ripening is not preceded by pasteurization. According 
to Virtanen and Tarnanen (129) ripened cream contains practically no aca 
hut considerable amounts of ame. Pien et al. (91) obtained variable results 
when testing spontaneously soured cream for aca ; the samples always showed 
■some aca (about 1.5 mg. per L). Cream several weeks old showed about 1*3 
mg. per 1. Sehmalfuss and Werner (112) found the aca content of sour 
cream to be 0.000024 per cent. Blatter (116) stated that only small 
:amounts of aca are found in sour cream. 

Additional data on the ame and aCa contents of cream intended for but- 
'ter are given in the consideration of the influence of cream acidity on the 
amc and aca contents of butter. 
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Other Products 

Pieii et al. (91) did not detect ae^ in aqueous solutions of laetic acid from 
fermented milk. Considerable quantities of laetie acid gave a slight te>st 
for ae 2 and the distillate from 25 ml. syrupy lactic acid gave a positive .reac- 
tion corresponding to 0.3 mg. 

Scliiiialfiiss and Werner (112) obtained a positive test for aco on the 
material recovered by dry distillation of milk sugar. Dry distillation of 
citric acid did not give a positive test. The authors (112) found the acs 
content of eomiiiereial margarine to be 0.00014 per cent. 

B litter 

van Niel et ah (126) found from 0.0002 to 0.0004 per cent ae^ in fine 
butter. Sclimalfuss and Bartlnneyer (110) analyzed four samifies of butter 
representing different conditions of feeding the producing animals and ob- 
tained the following weights of nickel salt (43 ; p. 156) equivalent to acs per 
kg. : 0.0006, 0.0002, 0.0003 and 0.0001 g. The quantity of ac^ in the butter 
appeared to be correlated with the intensity of the aroma. Testoni and 
Ciiisa (122) stated that melted and i3asteurized butter, as well as margarine, 
do not contain ac^, whereas fresh butter contains about 0.00051 per cent. 
They believed the presence of ae 2 was a measure of the freshness of the 
butter. Later (123), they did not find aco in properly prepared butter. 

According to Tapernaux (120) fresh unpasteurized butter contains from 
0 to 50 g. aca in 100 kg.; pasteurized butter contained traces. Using a 
method capable of detecting 0.02 or more g. aco per kg., Vizern and Giiillot 
(130) obtained negative tests on butter. Hainiiier (40) found more amc 
than aco in butter made with butter culture. Davies (22) stated that but- 
ter made from ripened cream may contain 0.05 to 0.5 ppm. of aco. Moliler 
and Herzfekl (76) reported that butter of normal aroma eontaiiis 0.0002 to 
0.0004 per cent ae 2 . 

Michaelian and Hammer (73) examined 56 lots of butter for amc-i-aco. 
With a gravimetric method, 4 of them showed none while the remaining 52 
yielded from 0.1 to 3.45 mg. nickel salt per 200 g. Steiiart (118) found 
that the quantity of ae 2 in butter ranged from 0 to 5 ppm., depending on 
the presence and proportion of aroma bacteria in the souring cream. 
Testoni and Ciiisa (124) stated that Italian butters do not normally eoiitaiii 
aco; its presence was regarded as accidental. Pien et ah (91) found very 
little or no acs in good butter (trace to 1 mg. per kg.). 

Bariiieoat (7) reported no correlation between the ac 2 content of butter 
and the score. Butter made with culture, which Avas quite acceptable to the 
graders, generally contained 0.2 to 0.4 ppm. aca and 1 to 3 ppm. aiiie. ^ Alikl 
starter butter contained about eight times the ae 2 in sweet cream butter, 
but only one-fourth of that in highly flavored butter. 

Of the butter samples anal^^zed by Brioux and Jouis (13), 76.3 per cent 
contained aca iu amounts ranging from a trace to 0.5 mg. per kg.; the re- 
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liiaiiider eontained from 0.51 to 1.5 mg., except in uiie iiistaiiee for whieli tiie 
raliie was 2.5 mg. The aiiic contents were mueli Iiig*bei% usually from 10 to 
30 rug. per kg., with a maximum of 69 mg*. 

Davies (24) reported that the absence of ac 2 gives a flavorless butter, 0.2 
to 0.6 ppm. gives a mild flavor and 0.7 to 1.5 ppm. gives a full flavor; 2 
ppm. ae 2 gives a strong flavor and aroma wiiieli is harsh and repulsive to 
blitter graders. Makar an (67) stated that the aroma of butter is pro- 
iioiineed with an aca content of 0.00048 per cent in the plasma. An aco eon- 
eeiitratioii as low as 0.0013 per cent produced an odd, sliarp odor. 

According to Matiiszewski et al. (69) butter made from cream that had 
been inociiiated with a culture of S. diacefihidu contained about 5 mg. 
nickel salt per kg. 

Mohr and Wellm (79) noted that the method of producing butter, 
whether from sweet or sour cream, is of major iniportaiiee with regard to 
the ac 2 content. Sweet cream butter contained considerably less ae- than 
sour cream btitter. As much as 0.2 mg. ae 2 per kg. and 0.36 mg. ame a ae 2 
was found in sweet cream butter. In various lots of German first-class but- 
ter, the ae 2 content varied from 0.34 to 1.66 mg. per kg. and the ame e ae 2 
content from 3.73 to 20 mg. 

Of the 130 samples of butter investigated by Pien d ah (92), 11 per cent 
contained aco in amounts ranging from 0.5 to 1.0 mg. per kg., 47 per cent 
contained from 0.1 to 0.5 mg. and 42 per cent contained less than 0.1 mg. 

Schmalfuss and Werner (112) found the aco content of German butter 
made in August to be 0.00003 per cent. Slatter and Hammer (117) re- 
ported that the amount of ame - aco in butter at the time of eiiimiing varied 
with the amount of butter culture used. Dehove and Dessirier (29) stated 
that all blitter naturally contains a small amount of ame. 

Brioux and Joiiis (14) examined samples of fresh butter and found that 
they normally contained a small quantity of aco, usually from 0.05 to 0.5 
■ iiig. per kg. ; in rare eases as iniieii as 2.5 mg. was found. Butter made in 
cooperative or industrial creameries contained considerably more ac-j than 
butter made on farms. The ame contents were considerably higher than the 
ae-i contents; usually butter contained between 10 and 30 mg. per kg. but 
some lots contained as much as 69 mg, Ame did not appear to give rise to 
an appreciable quantity of ac 2 . 

Alberti (1) found the amount of aco in butter varied from a trace to 0.4 
mg. per kg. when the samples were from the same source. The ame contents 
were from 10 to 40 times the ae 2 contents. 

According to Mohr d ah (78) fresh sweet cream butter contained up to 
0.4 mg. aco per kg. and sour cream butter from 1 to 2 mg. Salted and iin- 
salted butter showed no difference in aco contents. 

In comparisons involving addition of equal percentages of regular and. 
aerated or modified aerated (p. 88 ; p. 89) culture to pasteurized sweet cream, 
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Prill and Hammer (98) noted that butter made with the latter types of cul- 
ture invariably had the higher ac 2 contents (0.38 to 1,0 mg. per kg. compared 
to 0.14 to 0.38 mg.). However, the higher values were imicli lower than 
they vroiild have been if the aca contents of the butter were proportional to 
those of the cultures. 

Toth (125) found that Hungarian butter contained 0.05 to 1.5 mg. per 
cent aco and 1.5 to 4.2 mg. per cent ame, 

Hoeeker and Hammer (47) noted that butter made without butter cul- 
ture or with 8, aromaticus contained only small amounts of ac 2 and ame, 
wdiereas butter made with butter culture, S. citrovo7'us^ 8. paracitrovonis^ 
8. dmcetilactis, 8. citi'opMlns or an unidentified organism commonly con- 
tained appreciable amounts. 

butter culture distillate as a source of flavor for butter 

Ame in various materials is readily converted to aco by oxidation with 
some such reagent as ferric chloride, and the aco thus formed, as well as that 
originally present, can be distilled out. Distillates obtained from butter 
culture with this general procedure (often called starter distillates) have 
been suggested for producing flavor in butter, the distillates being worked 
into the butter during the normal working process. Because a butter cul- 
ture contains much more amc than ae 2 , a distillate contains much more ac 2 
than the volume of culture from which it was obtained. However, some of 
the amc distills over before its conversion to ac 2 (72) and appears as such 
in the distillate. 

Since volatile acids, and possibly other volatile, compounds, contribute 
to the flavor of butter culture, a culture distillate may contain materials 
other than ac 2 that are desirable from the standpoint of butter flavor. On 
the basis of the present knowledge, volatile acids appear to be of most 
importance in this connection. 

Euehe and Ramsey (107) noted that the flavor constituents of butter 
cultures, including ac 2 and amc, are removed by steam distillation. Addi- 
tion of the distillate to sweet cream before churning yielded butter of inten- 
sified aroma. Similar results were obtained by adding the distillate directly 
to butter. Butter cultures used for steam distillation were grown in such 
a manner that they contained increased amounts of the flavoring con- 
stituents. 

Use of an ae 2 concentrate was suggested by Davies (23). The concen- 
trate was prepared by distillation of ac 2 from butter culture and addition 
of the distElate to neutralized butter culture. Such preparations contained 
300 times more ac 2 than ripened cream. 

According to Ruehe (105) the ac 2 content of butter culture distillate 
•does not change appreciably, even after 63 days at 40® P. When butter was 
made with various amounts of distillate, most judges preferred that con- 
taining less than 1 part ae 2 in 200,000 parts of butter. 
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Tlie sell erne suggested by Rnehe (106) for eontrolliiig flavor in butter 
consists of selection of cultures which actively produce lactic acid and fer- 
ment citrates when grown in milk, adoption of methods which are eon- 
dueive to high yields of ame, steam distillation of the culture; standardiza- 
tion of the aco content of the distillate and addition of the distillate to the 
cliiirned butter at the time of salting. Achmntages of the suggested method 
are that the distillate can be prepared in the laboratory and supplied to 
various plants, flavor intensity can be adjusted to demands of the trade, 
high-flavored butter with good keeping qualities can be produced, butter 
has a low bacterial count and culture distillate is more economical than but- 
ter culture. Ill a series of comparisons involving use of 2.5 per cent butter 
culture and various amounts of ae^ as butter culture distillate, the butter 
containing ac 2 as distillate in the ratio of 1 part ae 2 to 400,000 parts of 
butter scored highest Avhen fresh : after 2 months at 40"^ P., the butter con- 
taining ae 2 as distillate in the ratio of 1 part ac- to 800,000 parts of butter 
scored highest. Similar results were obtained when the lots of butter were 
held at - 10° P. for 8 months and scored at intervals of 2 months. 

DETECTION OF ADDED DIACETYL IN BUTTER , 

In the examination of butter, detection of ae 2 added as such, or in the 
form of a flavor concentrate, sometimes is attempted. It is complicated by 
the fact that aca eommoiily is present in butter through use of butter cul- 
ture and/or cream containing ae 2 . 

Davies (22) noted that a relatively high ae.j content and a low acidity' 
ill butter should indicate that ac 2 had been added artificially. Later, he 
(27) reported that analytical evidence for detection of added synthetic ac 2 
ill butter is iiusatisfaetory. The two main evidences of such addition are 
acidity of the butter serum and ratio of ae 2 to amc. The author stated that 
butter serum having a pH of 6.4 to 6.8 should not contain a detectable 
amount of aco- The ratio of a.e 2 to amc in normal butter was considered to 
be from 1 : 15 to 1 : 20. Blitter eulture distillates had ratios of 5 : 1 to 2 : 1. 

The ratio of ae 2 to ame in butter was suggested by Barnieoat (5) as of 
value in the detection of added aca. Bacteriological examination was pro- 
posed as a guide for determining whether butter culture had been used in 
the cream from which the butter was churned. 

Pien ei al. (92) stated that since none of the butter examined contained 
more than 1.0 mg. ae 2 per kg., samples eontaining larger amounts had acs 
added to them artificially. 

Hoecker and Hammer (47) studied pure milk cultures of various strep- 
tococci, including S. cUrovorus, S. paracitrovorus, S. diacetilmtiSf S. citro- 
pliilnSy an unidentified organism and aromaMcus, With each species the 
ratio of ae 2 to amc varied in the different trials ; frequently the acs was much 
higher in proportion to the amc than with butter cultures. The results 
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suggest tlie dangers in using the acs to anic ratio in detecting added aca in 
butter. 
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A SATISFACTORY METHOD OF SHIPPING DAIRY BULL 
SEMEN LONG DISTANCES* 


EEIC V. S'W'AXSON AND H. A. HEEMAX 
Deparlmenf of Dairy E-mhanclry, Vniversilii of Missouri, Columbia, Mn. 

Tile methods of collecting, storing, and handling bull semen after eoiiec- 
tioii have been widely investigated in recent years for the purpose of extend- 
ing the use of valuable sires through artificial insemination (1, 3, 5, 6). 
Satisfactory progress has been made in this field especially in its application 
to large cooperative associations where the bulls are within easy reach of 
the cows to be inseminated. It is often desirable, however, to breed certain 
cows to bulls which are a great distance away. Shipment by the ordinary 
means of transportation available may require two days or more in many 
instances. This situation presents a different transportation and storage 
problem than is encountered in slioider shipping distances. 

Numerous investigators (1, 2, 3, 5, 6) have shown that the proper tem- 
perature for storage of bull semen is below 45° F. and preferably at or 
slightly below 40° F. or 5° C. Hence, some reliable practical method of 
refrigeration and temperature control is necessary. Glass vacuum bottles 
alone may be used, but in addition to being very fragile, they are unsuited 
for lengthy shipment because of the relatively short period at which a tem- 
perature as low as 40° F. may be maintained. A light cardboard shipping 
container, described by Salisbury (4) has proved suitable in artificial breed- 
ing association work where the shipping time does not exceed 24 hours. Ice- 
filled thermal Jugs likewise have been used successfully for short-time ship- 
ment. In addition to providing only a short safe shipping time, these types 
of packages have given difficulty because the semen is in close contact wuth 
ice which in cold weather may cause the temperature of the semen to drop 
too low. An investigation was therefore conducted to find a shipping 
method that could be depended upon to maintain proper refrigeration for 
48 hours or more and at the same time not harm the semen by too low tem- 
peratures. A prime consideration was to adopt a container which would 
withstand the rigors of shipping. The type of package finally adopted and 
preliminary results from its use are repoided below. 

The requirements of long distance shipping were; 1) adequate refrigera- 
tion of the package, 2) protection of the semen from the intense cold of the 
refrigerant, and 3) insulation of the refrigerant against the external tem- 
perature. It was desired to meet these requirements as simply as possible 
so that the method would be quickly and easily available to all wffio wished 

Eeeeived for publication July 6 , 1943. ' 

* Contribution by tbe Department of Daix*y Husbandry^ Missouri Agricultural E3:peri- 
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to use it. For this reason utilization was made of existing equipment 
eiitirelj. The refrigerant used was mainly crushed ice with a can of frozen 
brine used for extra hot ^veather. A small Taeuiim bottle filled with water 
at 40° F. was used to contain the vials of semen ; and commercially available 
small insulated shipping packages such as are commonly used for ice cream 
wwe used as external insulation. These were combined as diagrammed in 
, figure 1. 



A PACKED SEMEN SHIPPER 

Pig. 1. A cut-away diagram of the packed semen shipper. 


The cooled or partially cooled semen in an insulated, rubber-wrapped 
vial was placed in a vacuum bottle of water at 40° F. A fe'W strands of 
excelsior in the bottle prevent undue bobbing of the vials during transit. 
The vacuum bottle, with supporting wires to position it at the center, "was 
put into a metal can and chipped ice was packed around it as showm in fig- 
ure 1. The can was sealed and placed in a small ice cream, shipper. Best 
results were secured when the can fit in the shipper tightly or was packed 
in with insulating material. If extra refrigeration is desired a can of 
frozen brine may be placed on top of the can. The shipper should be packed 
quickly, closed, and shipped. The packed shipper weighs between 15 and 20 
pounds, depending upon how much ice is used ; so it can be easily shipped 
by express or parcel post. 

This shipper has maintahied a satisfactory semen storage temperature 
for more than 84 hours at summer temperatures (80° F.) and several ship- 
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meiits (two ill hot August W'eatiier) have been successfully made in wliicli 
the package was three days in transit. H^Iaximiim Iiolding time can be ob- 
tained by preeooling the shipper and using a maximuin of lee pins the 
frozen brine pad. 

The semen is protected from the severe eold of the ice by means of the 
water in the vaemini bottle. The size of the Yaeiiniii bottle and the amount 
of ice used can be varied for different outside temperature conditions. In 
summer shipments a one-half pint vaemim bottle provided enough water 
insulation so that the temperature of the semen did not fall below 34"^ F. 
Also, a large aiiiouiit of ice could be packed aimuiid this small bottle. In 
eold winter weather, however, only a small amount of ice was needed in the 
can to insure proper refrigeration. A full can of ice around a one-half 
pint bottle was not satisfactory with the outside temperature below 32‘^ F. 
because the temperature of the semen dropped to 32® F. Three different 
shipments of semen known to be fertile under proper storage conditions 
produced no i^regnaneies when they had been cooled to 32® F. By using a 
pint bottle in place of the one-half pint bottle and packing the can only half 
full with eriislied ice, the temperature of the water did not fall below 34® F. 
and the fertility of the shipped semen was maintained very satisfactorily. 
Therefore, the recommended procedure is to use a pint vaeuiim bottle and a 
small amount of ice in winter conditions and to use a one-half pint bottle 
with a inaximum amount of ice in hot summer conditions. 

The glass vaciiiim bottles in these containers are subject to shattering 
under very rough handling. "With ordinary care and handling, however, 
no breakage has oeenrrecl. If breakage of the bottle does occur, the chances 
are still good for the semen to come through in satisfactory condition because 
of the refrigerant being outside of the bottle. 

Twenty-four shipments of semen have been made by this method in the 
course of twelve months’ investigations. Wlien the proper precautions as 
outlined above have been observed, the shipments have been successful in 
delivering semen with motility as good or better than that obtained from the 
same semen stored at 40® P. in a refrigerator. Furthermore, the few in- 
seminations made have yielded satisfactory results. Eight conceptions have 
been secured from twelve inseminations using semen ranging from 48 to 
130 hours of age regardless of its motility rating. The semen used ranged 
from 70 to 90 per cent motility when packed and was from University of 
Missouri bulls known to have a low insemination-per-eonception ratio. The 
inseminations made wnth the semen which was cooled to 32® P. in transit 
were not included in this summary. Six inseminations which were made 
with semen which had been stored 144 hours or more (all of very poor motil- 
ity) were infertile, Eesults have been, therefore, such as would be expected 
from the use of properly handled stored semen. The success in shipping 
semen by the method described will depend largely upon the ability of the 
semen’ to maintain fertility during storage at 35 to 45® P. 
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summary 

A simple, dependable, and practical iiietliod of shipping semen long dis- 
tances is described. The package consists of a small insulated ice cream 
shipper, a water-tight metal can to fit the shipper, crushed ice, and a vacmim 
bottle. Satisfactory semen storage temperatures (35 to 50° F.) were main- 
tained in this shipper for 84 hours at atmospheric temperature of 80° F. 
Eesults of inseminations with shipped semen requiring 48 to 72 hours in 
transit were very satisfactory for stored semen. 
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THE ACCTPtACY OF THE MOJONXIEE METHOD FOR 
ESTIMATING MILK FAT IX MILK AND CREAM 


ERXEST 0. HEKREID DAXA W. WHITMAXi 
Vermont Agrkidinrdl Experiment Station'^ 

Laboratory teeliiiieiaiis have inquired about the degree of aeeiiraey that 
can be achieved in estimating milk fat in milk by the Mojonnier method. 
They have also questioned the relative accuracy of single or duplicate deter- 
minations on individual samples. Data are presented for milk and cream 
to answer these questions. 


LITERATURE REVIEW 

The literature related to this study is the result of comparing the ac- 
curacy of the various volumetric methods with the Eoese-Gottlieb method 
and its mechanized modification, the Mojonnier method, for estimating milk 
fat in milk and cream. The literature is cited if the data are complete and 
sufficient to make a contribution of statistical value. 

PhilMps (4) estimated 50 samples of unpreserved milk in duplicate for 
milk fat. The individuals in 29 duplicates agreed, 15 differed by 0.01 per 
cent, 5 by 0.02 per cent and 1 by 0.03 per cent milk fat. Dahlberg, Holm 
and Troy (1) made 55 estimations for milk fat in duplicate. Some of the 
estimations were made on replicate samples in different laboratories by the 
Eoese-Gottlieb and the Mojonnier methods. Of the 55 estimations, 14 
agreed, 8 differed by 0.01, 18 by 0.02, 9 by 0.03, 1 by 0.04, 2 by 0.05, 1 by 0.07, 
1 by 0.22 and 1 by 0.29 per cent milk fat. Fisher and Waits (2) made 32 
estimations and approximately 81 per cent of the individuals in duplicates 
did not differ by more than 0.04 per cent milk fat. 

METHODS 

The methods of preparing the samples and estimating them for milk fat 
have been described (3). After preparing the samples of milk and cream, 
they were transferred directly to the extraction flasks and weighed (3). 
Four techiiieians participated in this study. 

It w^as necessary to obtain some information on the “accuracy of esti- 
mating milk fat in replicate samples. One hundred estimations were made 
on 100 samples of the same milk that w’as produced during the month of 
June, These individual samples were prepared by agitating 40 quarts of 
fresh, raw^ milk at 8-10® C. for about two minutes. As the milk was being 

Received for publication July 9, 1943. 
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geurly agitated, appreximatelr lOO ml. were poured with a clipper into each 
of 102 sterile sample .iars; two extra samples were taken in ease some of them 
misht be accidentally broken. The bottles, closed with rubber stoppers, 
were held at 10° C. or lower before heiug estimated for milk fat. The esti- 
mations were made in groups of eight samples insofar as possible. About 
36 hours were required in the laboratory to make the 100 determinations. 
Tlie last samples were about 52 hoars old when all the estimations were com- 
pleted. The titratable aeiditv in tlie fresh^ cold milk at 9-10° C. was O.lo 
per cent calculated as lactic acid and was 0.16 per cent under comparable 
conditions after 52 hours. The bacterial count of the fresh milk at the be- 
ginning of the trial was 12,800 per ml. 

RESULTS 

The estimations for milk fat on the 100 replicate samples are given in 
Table 1 and are averaged in groups of 25. It is evident that there is a 
gradual and slight consistent decrease in the amount of milk fat from the 
first to the last group. In fact, the last group averaged about 0.03 per cent 
lower than the first group of 25. It is not known what caused this gradual 

TABLE 1 


Th? estiiruitlons for mUl: fat o?t lOO replicate samphs of unpreserved miU 


i 

Sample 

number 

Percent 
milk fat 

(1) 

Sample 

2 iuml>er 

Per cent 
milk fat 
(2) 

Sample 

number 

Per cent 
milk fat 

(3) 

Sample 

number 

Per cent 
milk fat 
(4) 

1 

3.71 

26 

3.76 

51 

3.72 

76 

3.70 

2 

.^74 

27 

3.70 

52 

3.68 

* 77 

3,71 

3 

3.74 

28 

3.71 

53 

3.72 

78 

3.71 

4 

3.75 

29 

3.r.3 

54 

3.73 

79 

3.75 

5 

3.74 

30 

3.72 

55 

3.72 

80 

3.73 

6 

3.72 

31 

3.70 

56 

3.72 

81 

3.68 

7 

3.72 

30 

3.73 

57 

3.73 

82 

3.68 

8 

3.74 

3.3 

3.73 

58 

3.72 

83 

3.67 

9 

3.74 

34 

3.74 

59 

3.71 

84 

3.66 

10 

3.75 

35 

3.71 

60 

3.71 

85 

3.68 

11 

3.73 

36 

3.71 

61 

3.71 

86 

3.67 

12 

3.75 

37 

3.71 

62 

3.73 

87 

3.72 

13 i 

3.70 

! 38 

3.73 

63 

3.71 

88 

3.66 

14 i 

i 3.74 

i 39 

3.71 

64 

3.72 

89 

3.73 

15 

1 3.70 

i 40 

3.73 

65 

3.72 

90 

3.69 

16 

' 3.73 

i 41 

3.73 

66 

3.71 

91 

3.72 

17 

i 3.74 

j 42 

3.72 

67 

3.72 

92 

3.69 

18 

1 3.76 

1 43 

3.71 

68 

3.72 

93 

3.71 

19 

i 3.73 

1 44 , 

3.73 

69 

3.71 

94 

3.73 

20 

1 3.72 

! 45 

3.73 

70 

j 3.72 

95 

3.72 

21 

i 3.73 

1 46 

3.73 

71 

3,72 

96 

3.71 

22 

i 3.74 

47 

3.71 

72 

i 3.72 

97 

3.68 

23 

{ 3.71 

48 

3.73 

73 

j 3.74 

98 

3.70 

24 

3.73 

49 

3.73 

74 

3,72 

99 

3.69 

25 

1 3.72 

50 

3.72 

75 

i 3.72 

100 

3.73 

Mean 

3.73 


3.72 


3.72 


3.70 . 

Mean of all 

1 






3.72 
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decrease in milk faf ■when the samples are held for longer periods, but an 
observation will be mentioned. Samples 81-88, ineliisive, were prepared 
and weighed into the extraction flasks at the end of the second day. Due to 
the late hour, the flasks containing the milk were allowed to remain in the 
iaboratorj^ over night and the ether extractions were completed the next day. 
No sour odors could be detected from these 8 samples the next morning. 
These samples (81-88) averaged 3.68 per cent milk fat, which is significantly 
lower than the average for the 100 samples. The other 17 samples in the 
same group averaged 3.71 per cent milk fat. 

The frequency distribution in table 2 show^s that 82 of the estimations 
vary from the mean by 0,02 per cent or less and 18 by more than 0.02 per 
cent milk fat. Therefore, the odds are 82 to 18 or 4.56 to 1 that individual 


TABLE 2 

Frequeticy distribution of estimations for milk fat on 100 replicate samples of 

unpreserved milk 


Per cent milk fat | 

Freqiieiicv 

3.66 

2 

3.67 ' 

a 

3.68 

5 

3.69 

3 

3.70 

6 

3.71 : 

19 

3.72 

; 24 

3.73 

1 23 

3.74 

’ 10 

3.75 

' 4 

3.76 

' 2 

i 100 

1 


Mean = 3.72 per cent. 

Standard deviation = 0.02 per cent. 


estimations will not vary from the mean by more than about 0.02 per cent 
and will agree within 0.04 per cent milk fat. Furthermore, 76 per cent of 
the estimations are in the frequency groups of 3.71 to 3.74, a difference of 
0.03 per cent milk fat. 

The results in table 2 should serve as a basis to predict the accuracy 
that may be attained in routine analyses. To test the validity of this 
hypothesis, the differences between individuals for each of 341 diiplicate 
estimations on fresh milk were calculated. These estimations were made at 
regular intervals over a period of about two years. The results are given 
in the third column of table 3. It is evident that nearly 77 per cent of the 
individuals in duplicates agreed within 0.03 per cent milk fat and approxi- 
mately 86 per cent of them within 0.04 per cent milk fat ; this agrees closely 
with the results in table 2. 

To show' the comparative accuracy of single and of duplicate estimations, 
it is assumed that the average of duplicates wdll give the most accurate 
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results. Tile variation of tlie individuals from tlieir mean is one-lialf of tlie 
difference between single determinations for each sample of milk. These 
ealciilations were made on the same 341 samples of milk and the results are 
given in the fourth eolnmn of table 3. Eightj^-six per cent of the indi- 
viduals in duplicates did not vary from their means by more than 0.02 per 
cent milk fat, about 94 per cent by not more than 0,03 per cent milk fat and 
about 98 per cent b^^ not more than 0.04 per cent milk fat. 

Bimonthly composite milk samples preserved with bichloride of mercury 
were estimated for milk fat in duplicate. These samples were obtained from 
two milk plants during the summer months. Sixty samples were obtained 

TABLE 3 


Frequency distTil)uUon of differences 'between the individuals in fliipllcates and between 
individuals and the means of their duplicates for mill: fat estimations 
on 341 samples of un preserved milk 


Prequeiiey 

Per cent 

1 Differences lietween individuals 

1 

Duplicates 

• Means of 
duplicates 

1 Per cent milk fat 

70 

i 20.53 I 

: 0.00 

0.000 

94 

1 27.57 

0.01 

0.005 

63 j 

1S.48 : 

0.02 

0.010 

36 

10.56 

0.03 

0.015 

32 

9.38 i 

1 0.04 

0.020 

16 

4.69 ' 

0.05 

0.025 

12 

3.52 

1 0.06 

0.030 

6 

1.76 

0.07 

0.035 

6 

1...? 

: 0.08 

0.040 

2 

0.59 

1 0.09 

0.045 

1 

0.29 

' 0.10 

0,050 

1 

0.29 5 

0.11 

0.055 

1 

0.29 ! 

' 0.12 

0.060 

1 

0.29 i 

0.13 

0.065 

341 

100.00 j 

‘ i 




from Plant A. These samples were in excellent physical condition because 
they had been properly refrigerated and eared for in the milk plant during 
the 15-day period. Another set of sixty samples was obtained from Plant B. 
These samples were not in good physical condition. Some of them showed 
varying degrees of fat destabilization and mold gro^vth. The results in 
table 4 show that 95 per cent of the individuals in duplicate estimations from 
Plant A agreed within 0.03 per cent milk fat and all of them -within 0.05 per 
cent; furthermore, the differences between indmdual estimations and the 
means of their duplicates on all the samples are less than 0.03 per cent milk 
fat. As might be expected, the variability of the results -was greater from 
Plant B, about 73 per cent of the individiiais agreeing within 0.03 per cent 
milk fat and 85 per cent within 0.04 per cent. The increased variability of 
the results from Plant B can be attributed to the difficulty of obtaining a 
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TABLE 4 


Frequency distrihuthn of (Jiffereners hetireen ItifF/iifh^aU in dnplicafe estiinatkms for 
mill' fai on 130 mmphs of preserved milt 


Differences 
milk fat 
jier cent 

Plant 

A 

1 B 

Frequency 

Per cent 

j FreqiiencT j 

Per cent 

0.00 

13 

21.67 

i 6 i 

10.00 

o.ca 

19 

.31.67 

i 19 i 

31.67 

0.02 

19 

31.67 


13.33 

0.03 

6 

lO.eo 

: 11 1 

1S.33 

0.04 



‘ 7 } 

11.67 

O.Oo 

3 

5.00 

' 2 j 

3.33 

0.06 



2 I 

3.33 

0.07 



1 


0.08 



' ^ i 

5.00 

0.09 



2 ! 

3.33 


60 : 

100.01 

i 60 1 

i 1 

99.99 


representative sample, because of the destabilized condition of the fat emul- 
sion. The teehniedan who made the estimations on the preserved samples 
was able to achieve greater accuracy than any of the other three who par- 
ticipated in this work. 

Two hundred and forty-two samples of unpreserved ereaiii containing 
20-45 per cent of milk fat were estimated for milk fat in duplicate at regular 
intervals over a period of about tw^o years. It is evident from table 5 that 
approximately 86 per cent of the individuals in duplicate estimations agreed 
within about 0.30 per cent milk fat. Approximately 86 per cent of the 
individuals in the duplicates did not vary more than 0.15 per cent milk fat 
and about 97 per cent not more than 0.30 per cent from their means. 

TABLE 5 


Frequency disfrihidion of differences hefwecn the individuals in duplicates and between 
individuals and the means of their duplicates for mil): fat estimations 
on 343 samples of im preserved cream 


Frequency 

Per cent 

Differences between individuals 

Duplicates 

Means of 
duplicates 

Per cent milk fat 

103 

42.56 

0.0-0.09 

0.0 -0.045 

68 

28.10 

0.1-0.19 

0.05-0.095 

38 

15.70 

0.2-0.29 

0.10-0.145 

8 1 

3.31 

0.3-0.39 

0.15-0.195 

12 1 

4.96 

0.4-0.-19 

0.20-0,245 

7 1 

2.89 

0.5-0.59 

0.25~{1295 

3 i 

1.24 : 

0.6-0.69 

0.30-0.345 

1 

0.41 ! 

0.7-0.79 

0.35-Q.395 

1 

0.41 

0.8-0.89 

0.40-0.445 

1 

0.41 

0.9-0.99 

0.45-0.495 

242 

99.99 

I 

j 
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DISCUSSION 

All accuracj can be acliieved with single estimations on normal milk 
samples that may not vary more than 0.03 per cent milk fat in at least 
75 per cent of the eases and 0.04 per cent milk fat in at least 82 per cent of 
the eases (tables 2, 3). An accuracy can be achieved with duplicate esti- 
mations that may not vary more than 0.02 per cent milk fat in about 86 
per cent of the cases, 0.03 per cent milk fat in about 94 per cent of the cases, 
and 0.04 per cent milk fat in about 98 per cent of the cases (tables 3, 4) . 

For cream, approximately 86 per cent of the individuals in duplicate 
estimations did not vary more than 0.29 per cent milk fat, and about 86 per 
cent of the individuals in duplicates did not vary more than 0.145 per cent 
milk fat from their means. 

The comparative accuracy of the Mojonnier method on milk and cream 
can be calculated. Assuming that cream contains 40 per cent milk fat, then 
the variation betw^een individuals in 86 per cent of the duplicate estimations 
would be 0.725 per cent of the total milk fat (0.29^0.40x100 = 0.725). 
Using this same method of calculating and assuming that milk contains 4 per 
cent of milk fat, then the variation between individuals in at least 82 per cent 
of the cases would be one per cent of the total milk fat (0.04 -r 4 x 100 = 1). 
Therefore, a slightly higher degree of accuracy can be achieved on cream 
than on milk. 

The condition of the fat emulsion alfects the degree of accuracy that can 
be achieved. Approximately 73 per cent of the individuals in duplicates 
agreed to 0.03 per cent milk fat from Plant B (table 4) as compared to 95 
per cent of the individuals from Plant A. The fat emulsion in the samples 
from Plant B showed varying degrees of destabilization. Duplicate estima- 
tions should be made on milk samples if the fat emulsion is abiiormaL For 
eommercial and routine analyses, single estimations on individual samples 
of normal milk may give sufficient accuracy for practical purposes ; however, 
when a high degree of accuracy is desired, duplicate estimations should be 
made. The importance of the results to be achieved should determine 
whether single or duplicate estimations for milk fat are to be made on 
samples of milk and cream. 

CONCLUSIONS 

1. Single estimations of the milk fat content of milk by the Mojonnier 
method can be expected to give an accuracy wuthin 0.03 and 0.04 per cent 
milk fat in at least 75 and 82 per cent, respectively, of the cases. 

2. The mean of duplicate estimations can be expected to give an ac- 
curacy within 0-02 and 0.03 per cent milk fat in approximately 86 and 94 
per cent, respectively, of the eases for normal milk. 

3. Single estimations of the milk fat content of normal cream by the 
Mojonnier method can be expected to give an accuracy of about 0.30 per 
cent milk fat in about 86 per cent of the eases. 
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4. Duplicate estimations for normal cream can be expected to gire an 
accuracy Mitliiii 0.30 per cent milk fat in about 97 per cent of tiie eases. 
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THE MILK AND BFTTERFAT PRODUCTION RESPONSES 
TO SHARK LIVER OIL IN THE RATION^ 

F. C. FOEVTAIXE axd D, W. BOLIX 
Departments of Dairy Husbandry and Agrieiili ural Chemistry, 

University of Idaho, Hoscoiv 

Reports on the results of feeding shark liver oil to dairy cattle are con- 
flicting", 

Deuel and eo-workers (1, 4) reported that the daily feeding of 30 to 60 
ee. of shark liver oil increased the milk aiid biitterfat production of Guernsey 
cows approximately 10 per cent. This amount of shark liver oE furnished 
from 700,000 to 1,400,000 I.U, of Vitamin A. 

RiipeL Boyer and Phillips (8) found that the daily feeding of 25 ce, of 
shark liver oil with a Vitamin A potency of 7,500 I.U. and 15,000 I.U. per 
gram had no effect on the milk production and fat percentage of Holstein 
and Guernsey cows. These authors reported that the daily feeding of 90 
ce. of a 15,000 I.U. shark liver oil caused a noticeable drop in the amount of 
4 per cent fat-corrected milk. 

More recently Jensen et aL ( 5 ) reported that daily feeding of shark liver 
oil to furnish from 117,500 to 1 , 350,000 I.U. of Vitamin A resulted in no 
increase in milk or biitterfat production of Jersey, Guernsejy Holstein, and 
Brown Swiss cows. It was found that the daily feeding of as much as 90 
ec. of shark liver oil tended to increase the normal rate of decline in milk 
production with the advance of lactation. 

In view^ of these conflicting reports the results presented in this paper 
are offered as additional information. 

EXPERIMENTAL 

Twelve cows, 6 Jerseys and 6 Holsteins, w^ere used in the experiment. 
These cows w'-ere divided into 4 groups ; group I, Holstein supplement, group 
II Jersey supplement, group HI, Holstein control and group IV, Jersey 
control. The groups were so divided that the production of each was 
approximately that of its control group. 

All groups were fed the same basal ration, consisting of alfalfa hay, grain 
mixture and sunflower silage, which was replaced by sweet clover silage 
after 8 weeks. The grain mixture consisted of barley, oats, wheat bran, 
linseed oil meal, cottonseed meal, dried molasses beet pulp, iodized salt, and 
steamed bone meal. 

All groups were fed the basal ration during a preliminary period of 4 
weeks. Beginning wdtli the fifth w’eek the rations of groups I and II were 

Keeeived for publication July 13, 1943. 

* Approved for publication by the Director of the Idaho Agricultural Experiment 
Station as Research Paper No. 222. 
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siippiemented witli 60 ee. dailv of shark liver oil with a Vitamin A iDoteucy of 
25,000 IF. per gram. 

The duration of the experiment was 16 weeks, beginning on January 3, 
1942. and ending April 30, 1942, 

The shark liver oil supplement was diseontinuecl April 18, 1942, but the 
cows were kept under observation until April 30, 1942. 

Daily milk weight records were kept on all cows during the preliminary 
and the oil feeding periods. Composite milk samples were taken daily from 
each eow and the per cent bntterfat determined by the Babcock method. 
Once a week an additional composite milk sample %vas taken from each eow 
for Vitamin A and carotene determination. 

The bntterfat was extracted from the milk and treated prior to digestion 
by the method of Olson et al, (7). Vitamin A and carotene determinations 
Oil the imsapoiiified residue w’ere made according to the method of Koehn 
and Sherman (6). 

RESULTS 

The daily feeding of 60 ce. of shark liver oil with a Vitamin A potency 
of 25,000 1.U, per gram had no effect on milk or bntterfat production. These 
data are presented in figure 1 and table 1. 



Fig. 1. Average pounds of four per cent fat -corrected milk produced per week. 

The data in table 1 shoAv that the feeding of shark liver oil caused a 
marked increase in the Vitamin A content of the bntterfat. This increase 
was approximately 280 per cent for the Holstein cows and 305 per cent for 
the J ersej^ cows. The vitamin A content of the bntterfat reached its great- 
est value the second w^eek after the cows received the supplement. After 
this the Vitamin A content of the bntterfat dropped somewhat, but was 
maiiitainecl at a considerably higher level than that of the cows receiving 
no supplement. 

The carotene content of the bntterfat of the cows receiving the siipple- 
inent gradually decreased during the course of the experiment (table 1). 
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TABLE 1 


The effect of sJuirlc lirer oil fccdinei on the mdlJ: and fat prodiictwyi and the vitamin J {i?id 
carotene content of the miJJ: fat of tSohtein and Jer.soj cows 


Period 

Group I 

Holstein 1 

Basal ration v 60 ee. shark liver oil j 

Groups III 

Holstein 

Basal ration 

week 
ending j 

Av. -weekly 
milk vieid, 1 

lbs.'4% ' 
F.C.M. 

Av. vita- j 
min A, 
I.r,/gm. 1 
milk fat 

[ Av. caro- | 
' tene, micro- | 
i grams/gin. 
milk fat ] 

Av. weekly ' 
i milk vieid, i 
‘ lbs.‘4«7r i 

F.C.M. 

1 Av. vita- 
j iniii xV, j 

I.IT./gm. 1 

i milk fat j 

Aw caro- 
tene, micro- 
grams/gni. 
milk fat 


Prelimmary period 


1- 9-42 ' 

269.7 



' 248.1 



1-16-42 ! 

318.7 

24.2 

4.4 

i 297.0 

33.2 

3.9 

1-23-42 1 

312.6 i 

18.6 

3.6 

i 299.8 

! 16.9 

2.6 

1-30-42 1 

319.6 ■ 

20.3 

3.0 

i 293.6 1 

1 19.8 j 

2.4 


Experimental period 


2- 6-42 , 

297.6 

52.6 

3.2 

289.0 

20.5 

2.0 

2-13-42 ! 

303.2 

69.0 i 

3.6 

293.3 

23.7 

2.9 

2-20-42 ’ 

301.5 

44.3 j 

3.0 

299.5 

22.0 

2.9 

2-27 12 

301.4 

57.7 1 

2.9 

292.4 

20.7 

2.8 

3- 6-42 : 

291.6 

54.4 1 

2.9 

297.8 

20.5 

2.8 

3-13-42 i 

293.9 

66.5 

2j2 

290.2 

21.3 

2.4 

3-20-42 ' 

287.7 

64.9 i 

3.2 

282.0 

20.1 ■ 

2,7 

3-27-42 ; 

304.7 

I 53.0 

2.4 I 

i 279.3 

20.3 

2.9 

4- 3-42 1 

280.7 

57.9 

2.4 

i 294.6 

20.9 

2.5 

4-10-42 1 

274.0 

1 45.4 

1.8 

I 299.8 

16.3 

3.4 

4-17-42 1 

271.4 

52.S , 

1.9 

1 296.3 

15.7 

2.4 

4-24-42* i 

266.2 

; 55.0 1 

2 7 

1 280.5 

21.2 

3.6 

5- 1-42 1 

262.3 

i ^2.1 1 

3.6 

i 297.2 

1 1 

31*0 

4.3 



Group II 

Group IV 


flersey 

Jersey 


PreliminarT period 


1- 9-42 

i 175.5 ! 


1 

190.0 ! 



1-16-42 

198.3 i 

18.7 

6,2 j 

216.7 I 

20.5 

6.0 

1-23-42 

187.5 i 

15.3 

5.3 

214.0 ! 

16.6 

4,1 

1-30-42 

193.1 ! 

1 12.4 

i 

4.2 j 

206.3 ! 

12.6 

3.3 


Experimental period 


2- 6-42 ' 

184.2 i 

43.7 

475 

204.1 

24.2 1 

3.9 

2-13-42 

181.7 

71.5 

4.5 

202.9 

: 29.3 i 

4.3 

2-20-42 

225.1 1 

39.2 

3.9 

195.7 

i 18.6 i 

4.2 

2-27-42 

181.3 

48.1 

3.9 

i 177.9 

23.5 i 

4.5 

3- 6-42 

, 166.2 

44.3 

3.2 

180,7 

23.8 ! 

3.9 

3-13-42 

168.8 

53.4 * 

3.0 

171.2 1 

24.7 1 

3.6 

3-20-^2 ' 

166.1 

49.3 

3.6 

170.9 

24.9 i 

3.7 

3-27-42 

159.2 

39.4 

2.8 

17S.1 

28.9 1 

3.8 

4- 3-42 

161.8 

53.6 

3.5 

176.9 

25.2 i 

4.3 

4-10-42 

153.2 

39.8 

2.9 

170.2 

22.8 1 

4,3 

4-17-42 

142.9 

42.3 

3.1 

165.9 

22.9 

3.8 

4-24-42* 

141.8 

51.4 

2.9 

190.6 

24.7 i 

4.9 

5- 1-42 

142.1 

29.8 

4.6 

164.8 

25.0 i 

6.1 


Shark liver oil removed from ration. 
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There Tvas an average reduction of 22 per cent in carotene content of the 
Holstein hiitterfat, and 33 per cent in the carotene content of the Jersey 
biitterfat. 

DISCUSSION 

The data presented show that the daily administration of 60 ee. of shark 
liver oil furnishing a daily intake of 1,350,000 I.U. of Vitamin A had no 
effect on milk or hiitterfat production. This supports the results of J eiiseii 
et aL (5) and is contrary to the findings of Deuel and co-workers (1, 4). 

The increase in the Vitamin A content of the milk is in agreement -with 
the results of Deuel and co-workers (2. 4) and Jensen et al. (5). 

"While the increase in Vitamin A content of milk fat was not as marked 
as that reported by Deuel, it was significant. The decrease in carotene 
content of the hiitterfat supports the results of Deuel (3) and of Jensen 
et al. (5). 

SUMMARY 

1. The daily feeding of 60 ce. of shark liver oil furnishing 1,350,000 I.U. 
of Vitamin A had no effect on milk or hiitterfat production of either Hol- 
st ein-Friesian or J ersey cows. 

2. The daily feeding of 60 cc. of shark liver oil resulted in a 280 to 305 
per cent increase in the Vitamin A content of the milk fat. 

3. The feeding of shark liver oil caused a 22 per cent average decrease 
in the carotene content of the Holstein milk fat, and a 33 per cent average 
decrease in the carotene content of the Jersey milk. 
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A 2x2 FACTORIAL DESIGN FOR DOUBLE REYBRSAL 
FEEDING EXPERIMENTS 


D. M, SEATHi 

Louisiana Agricultural Experiment Statmi 

Investigators in the dairy field have for years made liberal use of the 
double-reversal design for eondiieting feeding trials. This design employs 
the procedure of using two groups of cows (A and B) and starting period I 
with the A group on ration X and the B group on ration Y. At the end of 
each period the rations are reversed ; thus, in period III the groups are fed 
the same rations as in period I. In the analysis the prodiietion during 
period II is compared to the average for periods I and III. The comparison 
thus made is considered appropriate because of the usual decline in pro- 
duction of cows as the lactation progresses. The assumption is made that 
if other factors remain under control the cows will produce as much in 
period II as the average of periods I and III. 

One of the strongest criticisms against employing the double reversal 
design is that there is a residual, or carry-over effect, caused by the previous 
rations fed. In 1941 Cochran, Autrey and Cannon (1), in a discussion of a 
double change-over design px*esented a method for eorrecting this infiuenee. 
A partial correction for this carry-over effect is also made possible by dis- 
carding the records for a preliminary period at the beginning of each feed- 
ing period. 

A method for determining the significance of the differences found in the 
reversal or switch-back trials w’as presented by Brandt in 1938 (2). An 
extension of this test is herein presented so as to permit the experimenter to 
compare two sets of factors at the same time — ^siieh as two concentrates and 
two roughages — ^^vith an appropriate method of testing the significance of 
the differences found between each set of factors. The design where appli- 
cable can employ the same number of cows to answer two questions as is 
comiiioiily used to answer a single question. Caution should be exercised in 
its use, however. The experimenter should know from previous knowledge 
or experience that the differences between the two roughages is likely to be 
of about the same magnitude while on each of the two concentrate mixtures. 

THE EXPERIMENTAL PLAN 

The particular design presented grew^ out of an attempt to use a limited 
number of cows in two feeding trials to compare two kinds of hay and two 
concentrate mixtures. Rather than conduct separate trials it was decided 

Beeeived for publication July 20, 1943. 

1 Tbe author is greatly indebted to Br. W. G. Cochran of the Statistical Laboratory of 
Iowa State College for gnidanee in developing the analysis as herein presented. 
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to coiilbiiie tlie trials ivitli tiie major group, A or B, getting the same kind of 
liay (alyee or lespedeza,)^ and the subgroups, a and b, differing in the kind 
of concentrate, either three parts corn and one part cottonseed meal or three 
parts dehydrated sweet potato meal and one part cottonseed meal. Twenty 


TABLE 1 

Ahfce elmer rs. lespede^a and corn vs, dehjfdratvd sweet potato meal in the dairy ration 
(Production of 4% equivalent mill') 


Hav 


Grain 

Cow I 

Period I 

Period II 

Period III 

p op > p 

group 


group 

No. I 

Pi 

Po 






Alyce 4 s. pot. 

Lesp. T corn 

Alyee 4 s. pot. 






1 

3G9.7 

337.6 

303.9 

- 1.6 





o 

376.1 

380.8 

413.8 

4 28.3 





i 

440.0 

376.0 

407.4 

4 95.4 





4 

375.0 

362.2 

344.5 

- 4.9 





5 

248.5 

257.5 

278.5 

+ 12.0 





Sums 

. 

1809.3 

1714.1 

1748.1 

4129.2 





Alyee 4 corn 

Lesp. 4 s. pot. 

Alyce 4 corn 






1 

206.4 

196.1 

210.6 

4 24.S 





2 

486.0 

423.4 

469.7 

4 108.9 





i 

425.0 

350.7 

373.6 

4 97.2 





4 

342.5 

302.9 

362.9 

4 99.6 





5 

474.9 

422.5 

442.3 

4 72.2 





Sums 

1934.8 

1695.6 

1859.1 

4 402.7 




Lesp. 4 s. i>ot. 

Alyce 4 corn 

Lesp. 4 s. pot. 



f 



1 

182.1 

207.7 

! 199.7 

- 33.6 





2 

436.1 

501.0 

i 430.5 

-135,4 





3 

341.3 

378.0 

‘ 338.18 

- 76.6 





4 

373.9 

427.S 

374.3 

- 107.4 





d 

383.1 

404.6 

345.8 

- 80.3 





Sums ; 

1716.5 

1919.1 

1688.4 

-433.3 

B< 




Lesp. 4 corn 

Alyce 4 s. pot. 

Lesp. 4 corn 





r 

1 ! 

257.1 

253.3 

239.5 

- 10.0 





2 

436.7 

461.3 

j 487.9 

4 2.0 



b, 


3 ' 

489.3 

484.3 

i 441.0 

- 38.3 





4 

308.4 

332.3 

i 307.8 

- 48.4 





5 

235.5 

245.0 

I 248.6 

- 5.9 





Sums 

1727.0 

1776.2 

j 1724.8 

-100.6 


COWS were used in the trial with 10 in each hay group and these were sub- 
divided into two five-cow concentrate groups. Table 1 presents the plan 
2 The lespedeza hay used was approximately one grade lower in quality than was the 
alyee clover hay. The comparisons made are -for the purposes of presenting a method of 
analysis rather than to give experimental results. 
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along with the resulting milk yields for the eows for each of the three 
periods. Bach period consisted of 21 days ; 7 days as a preliminary period 
and 14 days as a test period. 

THE ANALYSIS 


1. An Example Showing Significant Differences 

The present experiment conforms to a factoinal pattern, an experimeiital 
design described in detail by Yates (4). This particular factorial design 
iiiTolves variations in two sets of factors, so is designated as a 2 x 2 factorial, 
and has the interaction between the two sets of factors eoiifouiided with 
cows. Our notation on the factors involved is : 

First factor Second factor 

1 Alyee clover 1 Sweet potato 

2 Lespedeza 2 Corn 

Using this notation the sub-group totals in table 1 are : 

A(a) 11 -22 = -129.2 
A(b) 12 -21 = -402.7 
B(a) 21 -12 = -433.3 
B(b) 22 -11 = -100.6 

The sub-total diiferenees are derived by adding sums for Periods I and III 
and subtracting* twice the sum for Period II. Thus, 11 - 22, or the sub- 
group ditfereiice in production between alyee - sweet potatoes and lespedeza 
T corn equals 1809.3 - 2 ( 1714.1 ) -r 1748.1 or -f 129.2. A study of the subgroup 
totals immediately gives evidence that alyee clover -r corn was the best combi- 
nation, for this ration as shown in B(a) excelled lespedeza and sweet pota- 
toes by 433.3 pounds of milk. This type of comparison, however, involves 
possible first-order interactions which are confounded with eows in this ex- 
periment. These interactions are ignored and the first problem at hand is 
to determine the differences between the two kinds of hay and the two 
concentrate mixtures. They are : 

alyee - lespedeza = 129.2 - 402.7 - (- 433.3) - (- 100.6) or 1065.8 
S. pot. - corn = 129.2 -r (- 433,3) - 402.7 - (- 100.6) or - 606.2 
These differences show in one case the superiority of alyee clover over 
lespedeza and in the other the inferiority of sweet potato meal as compared 
to corn. The next iiroeedure is to determine the significance of these differ- 


ences. 

The Analysis of Variance employing the calculation of the sum of squares 
for a single degree of freedom as described by Snedecor (3), will first be 
used. In terms of a single difference (Pi - 2 P 2 + Py) the sum of squares for 
these components are : 


(1065.8)^ 

20 ^ 


56,796 


(- 606.2)2 
20 


18,373 


* Tlie denominator equals nk or the numher of major groups (2) x the number of 
eows in each group (10) or 20. See (3). 
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Tlie individual eow differences as well as tlie sub-group totals under tlie 
beading Pi ~ 2F2 - Pa in table 1 are employed in computing tlie error sum 
of squares, tliiis: (- 1.6)- -f- (28.3)“ -f (95.4)- . . . -f (5.9)^ •- 1/5 [(129.2)^^ 
(402.7)-*- (-433.3)2- (- lOO.G)^] = 26,703 witli 16 degrees of freedom. This 
gives for the analysis of variance : 


Source of mrlance 

Alrce vs. lespedeza 

S. pot. vs. corn 

Error 


Degrees of 

S u m of 

Mean 

F 

freedom 

squares 

square 

1 

56,796 

56,796 

34^* 

1 

18,373 

18,373 

11*- 

16 1 

26,703 

1,669 



The analysis shows that both sets of factors w^ere significantly different 
at the one per cent leveP*^ ; with alyee clover excelling lespedeza, and corn 
excelling sweet potato meal. 

An analysis iiiTolving the use of group means and testing the significance 
by the use of the standard error will next be presented. Table 2 show’s a 
2x2 table with totals. The treatment means per cow per period with dif- 
ferences, and the respective standard errors of these differences are also 
given. 

TABLE 2 


dfiir yields by treatments — icith mean,^ and differences 


1 Alyee 

Lespedeza 

Mean 

Difference 

S. potatoes 

.. .. 1 355.5 

339.8 

347.6 

15 2 + 4 567 

Corn 

.... I 381.6 

344.0 

362.8 


Mean 

i 368.6 i 

341.9 



Difference 

i 26.7 + 4.567 ! 

i ! 




Calculating these means on a per cow per period basis envolves using 
sub-group totals from table 1 ; thus, for alyee -f s. pot. = 1809.3 + (2 x 1776.2) 
-rl748.1/'20 or 355.5. In like manner the other three totals in table 2 are 
calculated. From this the variance of a figure in this 2x2 table becomes : 
* 5 400 [1*2 -f 22 -r 12] X (variance per cow per period) = 

3 40 where c" = This giTes 20.86. 

6 

The standard error of the difference = V^O.SG or 4.567 
Mean difference 26.7 
S.E. "4.567“ 

Likewise 


15.2 

4.567 


333## 


The values of t, as W’as the ease with F in the analysis of variance, are sigiiifi.- 
caiit at the one per cent point. The t and F tests are, of course, identical, 
f Tlie error terni lias 16 degrees of freedom, four from each group. 
t The method for obtaining 1669 is given for Error Yariance in the analysis of 
variance and 6 is the sum of exponents 12 + 22 4 - 12 . 
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2. An Example Shoicing nonsignificant Differences 

Live weight changes as well as milk and butt erf at yields are used as 
^‘'measuring sticks’^ in double reversal feeding trials. Tlieir use in the 
esperiiiieiit just described furnishes data to illustrate a ease where the dif- 
ferences observed failed to be significant at the five per cent level. The use 
of the analysis of variance to test this significance wull be presented. 

Table 3 presents the liveweight changes for each eow’ and the sums for 
the sub-groups. The effects of the rations are shown by 

Alyee-lespedeza = (~ 64 ~ 434) - (~ 33) - (- 118) or - 413 
S. pot.-eorii= (-64“ 33) - (“434) -- (-118) or 521 


TABLE 3 

S}(mmarif of Uveive'ujlif ehanffes 


Hay 

' Grain 

Cow I 

Period I 

Period II 

Period III 

Pi-ePs+p. 

group ' group 

No. I 

Px 

T. 


1 


I 

Alrce *f s. pot. 

Lesp. 4 corn 

Alyee 4 s. pot. 



r ’ 


1 

-^38 

- 18 


- 23 




•.*> 

*10 

— 15 

x42 

4 82 


a -j 


i 

- 3 

4 45 

- 10 

-103 




4 

X 9 

- 10 

-12 

- 23 




5 

-14 

- s 

+ 33 

4 3 


i 

i 


Sums 

t40 

4 66 

-^28 

- 64 


j 


Alyee 4 com 

Lesp. 4 s. pot. 

Alyee 4 corn 



! 


1 


- 29 

- 5 

- 70 


i 


o 

-16 

4 12 

4 4 

- 36 


! 


3 

-64 

4 79 

- 15 

-237 


1 


4 

4-22 

4- 13 

- 1 

- 5 




5 

4 1 

4 37 

-13 

- 86 


^ ! 


Sums 

-64 

4-170 

-30 

-434 

i 

i 



Lesp. 4 s. pot. 

Alyee 4 com 

1 Lesp. 4 s. pot. 



^ 1 

r 

1 

! ^ 

4 13 

! - 29 

1 

X 9 

4 80 


1 


'2 

4 20 1 

+ 2 

X 5 

1 4 21 


i a 


i 

-25 - 

4 23 

4 0 

1 - 71 


! 


4 

1 r 12 ' 

- 9 

-i- 

i 4 52 




5 

4- 13 j 

4 28 

- 6 ; 

- 49 


; 


Sums 

+ 33 

i 

4 15 

+ 30 

4 33 


! 

1 


Lesp. 4 corn 

Alyee 4 s. pot. 

Lesp. + corn 



i 


1 

- 1 

4 14 

-18 

- 47 




2 

4 24 

4 9 

-10 

- 4 


; 


3 

4 27 

4 35 

+ 19 

- 24 




4 

4 4 

4 3 

4 22 

4 20 




5 

4 9 

-f 38 

4 4 

- 63 


j 


Sums 

j 4 63 

4 99 

+ 17 

-118 
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It appears from these dittVreiiees that lespedeza excelled alree liay and that 
sweet potato meal excelled ermii in maiiitaining liveweiglit. 

Ill terms of single difereiiees (Pi-2P^ - P,-,'; the sum of squares for the 
two sets of factors becomes : 


- 413 ''“ 

20 


= S,528 


( 5211 “ 

20 


= 13.572 


The error sum of squares is (-23'}“- (S2V‘ . . . (-631““ 


434)“- f33)“- (-118’ 

- = = 70,S50 



Source’ of rarhincc 

TJoan rs of 
freer! one 

Surd of 
.-^quarrs 

Mean 

.square 

Alvce vs, lesp 

1 

8,528 

8,52S 

S. pot. vs. corn 

1 

13,572 

3 3,572 

Error 

16 

70.85U 

4,428 


1;"5 (-64)“ -r 


F 


1.9 - 
3.1 


111 this test neither sets of factors: are significantly different at the five 
per cent level. The size of the F value for sweet potato meal vs. corn might 
lead the experimenter to be suspicious that a i‘eal difference did exist and 
cause him to repeat the exjierimeiit in an effort to determine the accuracy of 
the first ill formation secured. 


St30IARY AXD CONCLUSIONS 

All efficient method of using the double reversal experimental design to 
answer two questions witli a limited number of cows is presented. The 
design makes it possible to compare two roughages and also two coneentrate 
mixtures in the same feeding trial. The appropriate use of this design is 
where previous knowledge or experience indicates that the first degree inter- 
action is unimportant, Le,, that differences between the coneentrate mixtures 
will he approximately the same while on each roughage. 

Appropriate tests for measuring the differences based on a 2 x 2 factorial 
design are presented. These tests utilize the analysis of variance or the 
t-test with identical results. Examples given include milk yields showing 
significant differences between both roughages and concentrates, and live- 
weight changes, with non-sign ifieant differences between each set of factors. 
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THiRxr-XixTH Annual Meeting 

OF 

The American Dairy Science Association 
Columbus, Ohio, June 20-22, 1944 

NOTE REGARDING THE PROGRAM 

111 piamiiiig’ tlie program for the Columbus iiieetiiig of the American 
Dairy Science Association, the officers and members of the Program Com- 
mittee are eiideayoriiig to focus the progTam upon the problems of America 
at War and the problems following, during the peace to come. In order to 
formulate a program of the most usefulness and interest, it is essential that 
the committee receive the titles of proposed papers at as early a date as 
possible, but certainly not later than April 1. Titles will be carefully con- 
sidered by the committee and abstracts of the iiapers, viiieli, unless other- 
wise stated, are assumed to be not longer than 12 minutes, must be in the 
hands of the Chairman, Professor H. P. Davis, Dairy Husbandry Depart- 
^ meiit. University of Xebraska, Lincoln 1, Xebraska, not later than June 1. 

TENTATIVE PROGRAM OUTLINE 

Tuesday, June 20, 1944 
Morning Session 

Welcome by representative of the host institution. 

Kesponse and address by President Dalilberg. 

xVddress by guest speaker. 

Afternoon Session 

Sectional meetings. 

4 : 00 p.M. Section business meetings. 

Wednesday, June 21, 1944 
Morning Session 

Section meetings. 

11 : 00 A.M. Section business meetings. 

Afternoon Session 

General session on post war problems. 

Thursday, June 22, 1944 
Morning Session 

Joint symposiuin — Production and Extension Sections. 

Manufacturing symposium. 

im 
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Afternoon Session 

General session on Latin American Daiiyiiig*. 
3 : 30 P.M. Association business meeting. 


Aniiiiai Banquet. 


Evening Session 


H. P. Davis 

Chairman, Program Committee 


NEW PEOCEEITRE TO NOMINATE CANDIDATES EOR OFFICE 

In aeeorclaiiee with the provisions of tlie revised constitution adopted last 
year, your president lias appointed a committee on noniiiiations whose names 
appeared in the January issue of the Journal and are again listed below. 
It is the duty of this committee of which J. H. Prandseii is chairman to send 
its report to the secretary not later than April 1. The secretary will then 
mail out the ballots to secure a final vote before the annual meeting. The 
results of the election will be announced at the annual meeting. 

As a member of the Association, it is your obligation to express your 
wishes for officers and directors to any member of this committee. Twn 
candidates for vice-president and four for directors will be nominated. The 
present vice-president automatically becomes president. The committee on 
nominations will give consideration to the wishes of the members as expressed 
by correspondence and will also consider additional candidates. They have 
been advised by your president to study the list of past officers and directors 
(see pages 803-804 of the August Journal) to plan to secure good geographic 
distribution and to recognize the desirability of representation from all lines 
of activity of our members. This information has been given in detail to 
the committee for their guidance. 

It w^as the intention of our Association to make the election of officers 
Just as democratic as possible, and this can be done only if members do 
promptly give their opinions freely to the committee on nominations. 

A. C. Dahlberg, President 


COMMITTEE ON NOMINATIONS 

J. H. Prandsen, Chairman 
H. A. Euehe 
J. P. Kendrick 
C. N. Shepardson 
H. P. Davis 
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EELATIOXSHIP OF FAT ACIDITY TO RAXCTDITT IN 
HOMOGENIZED RAW MILK® 

I. A. GOULD 

Department of Dairylnr^, Michigan Sfafe College. East Lansing^ Michigan 

The action of milk lipase on butter fat is generalir belieA’ed to produce 
at least two cleteetabie changes : first, the production of free fatty acids, and 
second, the production of rancid or rancid-like flaA’ors. The production of 
the rancid flavor is attributed to free butyric acid and other lower fatty acids 
such as eapric, eaprylie, and caproie. Furthermore, the appearance of the 
rancid flavor is expected whenever milk fat undergoes lipolysis, indicating 
that the glycerides of the lower fatty acids are always attacked lipase 
under normal conditions. Some efforts have been made to correlate the 
extent of fat splitting wdtli rancid flavor development (1, 5, 7), but infor- 
mation on this relationship is by no means complete nor lias it been applied 
to conditions in which the lipase aetmty is accelerated by homogenization. 

The amount of lower fatty acids liberated from biitterfat by lipase action 
may be expected to be relatively small inasmuch as the glycerides of the 
lower fatty acids constitute a comparatively small portion of the total fat 
and, also, since the AYork of Wiilstatter and Memnien (10) indicates pan- 
creatic lipase to have slight affinity for the lower esters. 

Although the quantity of the lower fatty acids involved in lipase activity 
is small, the effect of these acids on flavor may be marked. Grossfeld and 
Battay (3) observed butyric acid could be detected by smell when present 
in a ratio of 1 : 12,500, In the case of dairy products, the actual type of 
flavor produced by lipase activity may not always be w^ell defined and may 
vary with conditions. Eelatively slight lipase activity may result in flavor 
defects which are not typically rancid (4, 7). 

Eesults which have been reported showing the relationship between the 
acid degree of the fat (ml. of N NaOH per 100 grams of fat) and the rancid 
flavor in the original product from which the fat was obtained are not in 
total agreement. Fonts (1) in his study of eommereml butter, could find 
no direct relationship between rancidity of the butter and the acid degree 
of the butterfat. The acid degrees of fat from non-rancid butter ranged 
Eeceived for publication July 24, 1943. 
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from 2.9 to 11.6, whereas values for rancid butter ranged from 2.4 to 14,0. 
Ill those samples wliieli were rancid,, there was no relationship between 
intensity of rancidity and free fatty acid content. Recently, Knikovsky 
and Herrington (6) and Jack, Tarassuk, and Scaramella (5) conducted con- 
trolled experiments in which butter was manufactured from milk having 
naturally active lipase. Krukovshv-^ and Herrington found the rancid flavor 
to appear in butter between acid degrees of 0.75 and 2.0 with the lower value 
being near the flavor threshold of rancidity. Jack et al. eoncliided rancidity 
of butter was recognized organoleptically when the acid degree approached 
a value of 2.0 and that direct correlation exists between acid degree and 
rancid flavor. 

In experiments with milk, Krukovsky and Herrington (7) determined 
"'^the acid degree at which rancidity could first be recognized as such.’’ 
Although some variations occurred, the threshold at which rancidity was 
recognized in the milk was approximately at an acid degree of 0.8. How- 
ever, the data indicated a tendency for the judges to lower the flavor score 
of milk as a result of lipase action even before the nature of the defect was 
recognized. Saniijles with an acid degree above 1.4 were graded in the low- 
fair and poor class. 

The studies of Krukovsky and Herrington (7) were concerned with nor- 
mal milk and do not necessarily apply to homogenized milk in which lipolysis 
is accelerated. This is indicated by the results of Gould and Trout (2) 
which showed homogenization to result immediately in greatly increased acid 
degrees in the fat, and also, by the observations of Trout and Scheid (9) that 
certain eommereial plants homogenized raw milk and then pasteurized it 
immediately without any detectable flavor change. Trout and Selieid also 
demonstrated the feasibility of this practice. Lane and Hammer (8) ob- 
served the flavor of cheese made from a mixture of raw skimiiiilk and raw 
homogenized cream to be good even though the fat acidity was high (acid 
degree 9.7 in one ease, 8.2 in another). However, flavor production in 
cheese is not necessarily analogous to that of milk. 

The experiments herein reported were conducted with the view of secur- 
ing information on the relationship between the acidity of fat from homog- 
enized raw milk and the rancid flavor. The pi'oblein was investigated from 
two angles: (a) by homogenizing raw milk and then making fat and flavor 
examinations at different intervals, (b) by homogenizing fat possessing dif- 
ferent acid degrees and secured from non-homogenized and homogenized 
raw milk into pasteurized skim milk and then examining the mixture for 
the rancid flavor. 

EXPERIMENTAL PROCEDURE 

Milk used in these studies was selected from milk delivered to the College 
Creamery, care being used to obtain milk practically free of off-flavors. 
Homogenization of this milk was at 700 pounds pressure and at 37"^ C. Pat^ 
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was secured for aiialA’sis br separation, clmrnmg and filtering. Ten gram 
samples were titrated for free fatty acids witli 0.05 X XaOH. Tlie free fatty 
acid content is expressed as acid degree (mis. of X XaOH per 100 gms. of 
fat). 

EXPERIMENTAL RESULTS 

Homogenized raw milk. In this phase of the study, selected raw milk 
W'as standardized to approximately 10 per cent fat by separation and this 
milk then divided into two portions. One portion served as the control and 
was non-liomogeiiized, the other portion was homogenized at 700 pounds 
pressure and then stored at approximately 25° C. A sample of the homog- 
enized milk i-vas secured immediately after homogenization and at intervals 
thereafter (usually 15-miiiute inteiwals) until the milk had become defi- 
nitely rancid. At specified intervals, samples, including the control, were 



Pig. 1. Eelationship between intensity of raneid flavor and increases in acid degree 
following homogenization of the milk at 700 pounds pressure. 

quickly heated to 142-144:° F. for 20 minutes and then cooled. After 
samples for the trial were obtained, portions of each ivere examined ‘ ^ blind 
organoleptically, and other portions were used to supply the fat for titra- 
tion. Seventeen trials w^ere conducted and six to nine samples were ex- 
amined for changes in flavor and fat acidity in each trial. 

Average results of four trials in which the samples were secured at the 
same intervals before and following homogenization are illustrated in fig- 
ure 1. This figure portrays (a) the general relationship between increase 
in acid degree and development of rancidity; (b) the fact that considerable 
increase in acid degree may occur before the ^raneid flavor is detectable but 
that rancidity develops within a few* minutes after homogenization. 

Homogenization increased the acid degree of the fat approximately three- 
fold, ie., from 0.43 to 1.2, without producing a raneid flavor that was 
detectable by taste. TiTithin 15 minutes the acid degree had increased to 
approximately 1.8 and the judges usually graded the flavor as question- 
able'' in regard to the rancid flavor. By the end of 30-miiiute and 45-minute 
periods the samples were usually rancid and the acid degree of the fat for, 
the 45-mmute period averaged approximately 2.3. 
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Pig. 2. Bjstribiitioii of noii-Taiicid and raneid samples of liomogenized milk on basis 
of acid degree of tbe fat. 

The relatioiisliip between acid degree and rancidity of all of the samples 
examined in the 17 trials is illustrated by figure 2. This graph reveals that 
the rancid flavor was generally detectable when the acid degree was within 
the range of 1.5 to 2.0. Below an acid degree of 1.5 no samples were criti- 
cized as being rancid whereas practically the reverse condition held when the 
acid degree w'as above 2.0. Of all the samples examined, approximately one- 
third were adjudged “noii-rancid/’ wdth 28 per cent having acid values of 
1.5 or less. Only one sample having an acid degree above 2.0 was graded 
non-rancid. 

Fat from non-homogenized and homogenized raw milk: In the second 
phase of this portion of the study, fat of varying acidities w^as secured from 
non-homogenized and homogenized milk. This fat "was then re-homogenized 
into pasteurized skimiiiilk in proportions to give a 5 per cent milk and the 
mixture examined organoleptically. Eesults of several typical trials are 
presented in table 1. 

These data reveal that in no ease w^as a raneid flavor produced in the fat- 
skimmilk mixture even though the acid degree of the fat ranged from 0.5 
to 11.5. Instead, an oxidized, oily, or tallowy flavor resulted in the samples ; 
this flaovr appearing in low acid-degree samples as w^ell as in the high, but to 

TABLE 1 


Effect on the flavor of the mixtiire when butter fat of varying acid degrees is 
liomogenized into shim mill: 



1 Trial 1 

Trial 2 

Trial 3 


' Acid 
degree 
of fat 

Flavor 

of 

mixture 

Acid 
degree 
of fat 

Flavor 

of 

1 mixture 

Acid 
degree 
of fat 

Flavor 

of 

mixture 

Skinmiilk 


OK 


1 OK I 


OK 

Skimmilk plus fat 

0.5 • 

Oxidized 

0.5 

j Oxidized i 

0.5 

Oxidized 

Skimmilk plus fat .... 

1.5 

Oxidized 

1.5 

Oxidized 

6.5 

Oxidized 

Skimmilk pins fat 

2.5 

Oxidized 

2.5 

Oxidized 

0.6 

Oxidized 

Skimmilk plus fat 

3.5 

Oxidized 

4.0 

Oxidized 

7.5 

Oxidized 

Skimmilk plus fat i 

Skimmilk plug fat 

4.3 

5.6 

Oxidized 
Oxidized , 



0.5 

11.5 i 

Oxidized 

Oxidized 
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sligiitly less intensity. The degree of oxidized flaxor was never sufficient 
to have obseured the rancid flavor. 

Exaniiiiation of the biitteroii used in these trials for the raiicdd flavor 
also gave negative results, the oil possessing an oxidized flavor when the 
acid degree was high. However, when the acid degree was less than 1.0, 
the biitteroii did not uniformly exhibit the oxidized flavor, Altiioiigli the 
fat itself, following the removal of the curd and water by filtration, did not 
possess the rancid flavor, the buttermilk obtained by the eliiiriiiiig of cream 
with a high acid degree was always intensely rancid. 

DISCUSSION 

The direct relationship between the deYelox)nient of rancidity in milk and 
the increase in acid degree of tlie fat as observed in this experiment is in 
agreement with the findings of Krukovsky and Herrington (7). However, 
tlie threshold value for the flavor is approximately twice as high in these 
studies on iioiiiogeiiized milk as was reported by Krukovsky and Herrington 
for normal milk. This diiferenee may be explainable on the basis that when 
lipolysis is accelerated by homogenization, lipase aetivity proceeds at the 
expense of those fatty acids ivhich contribute to the titratable acidity of the 
fat at a piroportionately greater rate than is true in the case of iioiidioinoge- 
iiized milk. 

The results secured in this study serve as a basis for explaining the 
differences which have been reported relative to the correlation between the 
acid degree of the fat and the rancid flavor. The lack of such a correlation 
in commercial butter observed by Fonts (1) is understandable in view of 
the fact that the rancid flavoring materials in the milk or cream are largely 
lost in the buttermilk when the fat is obtained by churning, even though the 
fat itself shows the presence of appreciable quantities of free fatty acids. 
"Whether or not butter from rancid cream wflll retain the rancid flavor would 
appear to be dependent upon the amount of buttermilk incorporated into the 
butter, and thorough washing of the butter may completely wash away the 
rancichflavored fatty acids. The author has observed that the churning of 
rancid cream did not uniformly result in rancid butter. 'This does not 
eliminate the possibility, however, of the butter becoming rancid on storage 
due to continued lipase activity. The problem of water solubility of the 
fatty acids responsible for the rancid flavor is considered more thoroughly 
in the subsequent paper. 

The fact that samples of biitteroii with high acid degree produced an 
oxidized or oily flavor when homogenized in skiinmilk does not necessarily 
mean that there is a relationship between free fatty acid content and the 
oxidized flavor under these conditions. Such a relationship was not appar- 
ent since fat of low acid degree also produced this flavor in the milk. The 
important point is that the rancid flavor was not produced by this process, 
even though the fat was obtained from rancid homogenized raw milk. 
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Tlie apparent absence of at least a portion of tlie lower fatty acids from 
biitteroil prepared by cliiirniiig the cream and filtering the fat as indicated 
by the absence of the rancid flavor may tend to cast some doubt as to the 
reliability of the titration of the fat as a means of measuring lipolysis. It 
does appear that such titration values do not necessarily represent all of the 
fatty acids that are freed by lix>ase aethity, although the results of Gould 
and Trout (2) would indicate, at leasts almost com]3lete measurement of 
these acids. To secure greater accuracy it may be desirable to utilize some 
other method than churning in obtaining the fat from the milk or cream. 
The author has made use of an extraction procedure and the results secured 
■were eneoiiragiiig. Higher fat titers were secured in the extracted fat than 
in the churned fat, but the possibility that these higher values may he due 
to the iiieliision of other than fatty acids has not been eliminated. 

CONCLUSIONS 

Raw milk, homogenized at 700 pounds pressure, is usually rancid when 
the acid degree of the fat is within the range of 1.5 or 2.0. 

Fat secured from rancid milk and with acid degrees as high as 11.5 did 
not itself possess a rancid flavor nor did it produce a rancid flavor w'-hen 
homogenized into pasteurized skimmilk. 

Free fatty aejds in butterfat w’hieh is obtained by churniHg are not 
responsible for the typical rancid flavor of dairy products. 
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SOLUBILITY AXB VOLATILITY OF FATTY ACIDS IXVOhYEI) IN 
LIPOLYSIS IN HOMOGENIZED RAW MILK* 


I. A. GOULD AND B. C. JOHXSOX 

De-partment of Dairpinp, 2£iclnga)i State College, East Lansing, Michigan 

Homogenization of raw milk, a process known to greatly accelerate lipase 
actiTitjj results in immediate increase in the fx’ee fatty acid content of the 
fat with homogenization at 1500 pounds pressure increasing the free fatty 
acids approximately five-fold within a few minutes following processing ( 6 ). 
Since information relative to the characteristics of the fatty acids involved 
ill this lipolysis is meager, experiments were conducted to ascertain their 
solubility and volatility. The results of these experiments are herein 
presented. 

Steam distillation procedures have been used to study the volatility of 
free fatty acids in milk and milk products. Roahen and Sommer (9) used 
this procedure to measure the extent of lipolysis in milli and cream and 
Fonts (4) studied the volatility of free fatty acids in butteroil of varying 
acid degrees secured from butter by steam distillation of 10 grams of fat 
and collecting and titrating 200 mi. of distillate. He secured values for 
volatile fatty acids approximating 15 per cent of the total fat acidity. 
Davies (2) reports that volatile acids account for less than five per cent of 
the total titratable value of the fatty acids, wiiereas oleic acid is responsible 
for 60-70 per cent of this value. 

Dyer (3), and Hiscox and Harrison (7), used steam distillation in the 
study of pure volatile organic acids. Hiscox and Harrison (7) steam dis- 
tilled acetic, butyric, caproie, eapryiic, eaprie, and lauric acids (acids neu- 
tralized with NaOH and then acidified to pH 2 with H 2 SO 4 ) and secured 
complete recovexy from water when distillate volume was ^^5 times original 
volume.’’ Recovery of these acids from cheese was retarded, the I'etard- 
ation being especially marked for acetic, eapryiic, caproie, and lauric acids. 
ButteiTat and cheese fat also i‘etai‘ded distillation of the water-insoluble fat- 
soluble acids. 

Methods of preparing samples of cheese for steam distillation were 
studied by Hiscox, Harrison, and Wolf ( 8 ), They found that a method 
involving wai’m w^ater washing of the cheese to obtain the fat, ether extrac- 
tion of the fat, washing of the fat with NaOH, acidifying and steam-distil- 
ling this rinse, resulted in volatile acid values which were about 4.5 times 
as high as those from direct steam distillation in the ease of Stilton cheese 
and about twice as high in the ease of Cheddar. 

K,eceived for publication July 24, 1943. 
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PROCEDURE 

Tke studies reported in this pa^jer were condiieted with two purposes in 
mind: (a) to determine the solubility of fatty acids in fat from homogenized 
raw milk by washing the fat either with u’ater or with a weak alkaline solu- 
tion; (b) to determine the Tolatile fatty aeid content of the butterfat by 
direct steam distillation of the butterfat itself and by the distillation of the 
alkaline rinsings of the butterfat. 

Butterfat with high free fatty aeid content was produced by homogeniza- 
tion of raw milk at 37^ C. and at 500 pounds pressure. The butterfat was 
secured by cliiiming, melting, centrifuging, and filtering. 

Fat acidity was determined by the official procedure (1) with exception 
that a 10-gram sample, 25 ml. ethyl alcohol, and X/"20 NaOH solutions were 
used. The free fatty acid content is expressed as aeid degree (mis. of N 
XaOH per 100 gins, of fat). 

A multiple steam distillation apparatus, capable of distilling four sam- 
ples at once, was utilized for the studies on volatile acids. This apparatus 
consisted of a sodium chloride bath maintained at a temperature of 102- 
104" C. The bath wns of sufficient size to accommodate four oiie-liter round 
bottom flasks containing the samples. Steam was generated in two five-liter 
round bottom flasks, each flask supplying steam for two samples. The steam 
entered the sample through Foiiii-type ammonia tubes with perforated bulbs 
at the bottom, and this inlet tube extended well below the surface of the 
samples. A Ivjeldalil conneetiiig bulb was placed at the outlet from the 
flask to insure against entrainment of the sample. Condensation of the 
steam eiiroiite to and from the sample flask was reduced to a minimum bj" 
wrapping the eoiidueting glass tubes with asbestos. By regulation of the 
temperature of the bath and the rate of steam it was possible to maintain 
fairly constant volume in the flasks containing the samples. 

The volatile material leaving each sample passed to a Liebig condenser 
where it was condensed. The distillate then passed through a Xo. 40 What- 
man filter paper to remove the water insoluble acids and into a 200-niL 
Tolumetrie flask. Titrations were conducted in each 200 ml. sample with 
0.05 X XaOH, using phenolphthalein as the indicator. After each 200 mis. 
of distillate were secured, the condensers and the filters were washed with 
ethyl alcohol to dissolve the alcohol-soluble fatty acids. This alcohol frac- 
tion was titrated and the titer added to the values secured for the 200 mis. of 
distillate. 

Blank distillations were made on water at pH 2. The blank values, 
which included those for the alcohol used to rinse clown the condensers, 
averaged approximately 0.35 ml. of 0.05 X XaOH per 200 mis. of distillate. 

RESULTS 

Soluhility of free fatty aeids. In other work (5) the senior author ob- 
served that butterfat, seeiired from rancid cream by churning and filtering, 
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and witli a iiigii free fatty acid content did not j)ossess a rancid flavor. TMs 
observation raised tlie question as to the water solubility of these fatty acids 
and trials were eondiieted to ascertain their solubility by washing the butter- 
fat with warm water. In this experiment^ approximately 20 gms. of butter- 
fat having a high content of free fatty acids (acid degree approximately 5) 
were placed in a separatory funnel and shaken for 30 seconds with 20 ini. of 
water at 130-135^' F. The fat layer was then permitted to rise and the 
aqueous layer removed and titrated. This washing* was repeated six times. 
After the final wasliing, the fat was removed, dried, and titrated. Results 
of the original and final titrations on the fat are shoim in table 1. 

These results show no decrease in the acid degree of the fat to occur with 
six washings with warm water. Although the data are iK)t shown, titrations 
of the washings revealed no measurable quantity of fatty acids were con- 
tained therein. These findings indicate either that the water-soluble fatty 
acids are not retained by the fat during its ehiiniing and purification or 
that they have greater affinity for the fat than for the water. 

TABLE 1 


Influence of icasMng hutterfat wiili water ow the acid degree 


! 

Trial 1 

Trial 2 

Trial 3 

Trial 4 

Original acid degree of fat 

4.93 

4.87 

4.82 

4.80 

Final acid* degree of fat 

1 4.91 

4.88 

j 4.85 

4.85 


* Following washing of 20 grains of fat with six successive portions of warm water. 


Other trials w^ere conducted to determine the efficiency with which a 
weak alkaline solution may remove the fatty acids from fat. The method 
used was similar to that proposed by Hiscox et al. (6) for cheese. Fat sam- 
ples weighing either 25 or 50 grams were dissolved in 100-120 mis. ethyl 
ether in a separatory funnel. Twenty -mi. portions of 0.05 N NaOH were 
added and the mixture shaken gently with rotary motion to avoid emulsifi- 
cation. The aqueous layer was permitted to settle and was drained away. 
The fat-ether mixture was then washed with 20-ml. portions of distilled 
water, the ether evaporated on a hot plate and in a 100° C. oven, and the 
fat titrated for acidity. Results are presented in table 2. 

These data reveal that this procednre of removing fatty acid is highly 
efficient, with three 20-inl, portions of 0.05 N NaOH being sufficient to reduce 
the fat titer by more than 90 per cent in a 50-grain sample when the acid 
degree approximates 3 to 5. However, there appears to be a point of irre- 
ducible mimnium in the fat acidity and additional washings do not ap- 
preciably alter this value. This residual acidity amounts to approximately 
0.15-0.30 ml. of 0,05 N NaOH per 10-gm. sample of fat. These values may 
be due to a slight degree of hydrolysis of the fat or a slight extent of end- 
point fading occurring during the titration procedure. On the basis of 
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these results it would appear tliat three to five washings of fat with small 
portions of weak alkaline solutions, followed by two rinsings with water, will 
remove practically all of the free fatty acids, provided that the alkali used 
is ill excess to that required for neutralization by at least 75 per cent. This 
aiiioniit of wasliiiig is decidedly less than was used by Hiseox, Harrison, and 
Wolf (7) for cheese fat. 

Steam dkiillatioii of fatty acids. Steam distillation of fatty acids was 
conducted using the multiple unit described under ^'Procedure.’’ In pre- 
liminary trials, butyric acid (Eastman) was used for the distillation. Siiffi- 


TABLE 2 

Efflcienc]! of removing fatty acids from a fat-ether mixture hy washing ivith a 
weak NaOS solution 


Trial 

Xo. 

Size 

of 

sample 

Amount 

of 

ether 

Amount of* 

Titer of fatt 

Volume 
alkali 
times 
volume 
of fat 

Excess 

of 

0.05 N 
NaOH 
solution 

"Wash- 
ing 
with 
0.05 N 
NaOH 

Hinsing 

■with 

water 

Origi- 

nal 

Final 

Keduc- 

tion 


gms. 

ml. 

ml. 

ml. 



% 


m?. 

1 

50 

120 

2-20 

2-20 

7.47 

0.83 

88.88 

0.8 

2.65 

0 

- 

50 

120 

3-20 

2-20 

7.46 

0.45 

93.97 

1.2 

22.70 

3 

50 

120 

4-20 

2-20 

7.46 

0.30 

95.98 

1.6 

42.70 

4 

50 I 

120 

4-20 

2-20 

6.90 

0.23 

96.67 

1.6 

45.50 

5 ! 

50 1 

120 

5—20 

2-20 

6.90 

0.25 

96.38 

2.0 

65.50 

6 1 

50 1 

120 

5-20 

1-20,2-10 

6.90 

0.15 : 

97.83 

2.0 

65.50 

7 1 

i 50 

120 

1 6-20 

2-20 

6.90 

0.30 

95.65 

2.4 

85.50 

8 i 

: 50 ! 

120 

j 6-20 

2-20 

6.90 

0.20 

97.10 

2.4 

85.50 

9 

1 50 

120 

1 7-20 

2-20 

8.60 

0.20 

97.68 

2.8 

97.00 

10 

! 25 

100 

1 8-20 

i 2-20 

8.45 

0.23 

97.28 

6.4 

138.87 

11 

1 25 

100 

1 4-20 

4-20 

i 8.45 

i 0.20 

! 97.63 

1 3^0 

58.87 

12 

! 25 

120 

: 5-20 

4-20 

i 8.45 

i 0.18 

i 97.87 

4.0 

78.87 

13 

25 

1 120 

! 4-10 

4-10 

i 8.45 

! 0.23 

! 97.28 

1.6 

18.87 

14 

I 25 

120 

5-10 

4-10 

: 8.53 

! 0.25 

} 97.07 

2.0 

28.67 


* First values indicate number of wasiiiiigs, second values indicate tlie volume used 
per -washing; thus 2-20 indicates 2 washings of 20 ml. each. 

t Titer of fat represents mis. 0.05 N NaOH solution per 10 gins. To change to acid 
degree divide by 2. 

cient butyric acid was used to require 20-25 ml. of 0.05 N NaOH for neutrali- 
zation. This acid was neutralized with the alkali, then adjusted to pH 2 
with H 2 SO 4 . The volume was standardized to 200 ml. and steam distillation 
was conducted. Each 100 ml. of distillate was titrated and corrected for the 
blank value. Average results secured for seven trials are presented in 
figure 1, in which a comparison is made with the results of Hiseox and Harri- 
son (7). The two curves exhibit similar trends and indicate that ivhen the 
volume of distillate is twice the original volume 98 per cent of the acid is 
recovered. These data also are in agreement with those secured by Dyer (3). 
Although results are not presented, distillation of n-eaprylic acid revealed 
even more rapid recovery, with approximately 93 per cent being recovered 
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Fig. 1. Rate of steam distillation of ii-bntTrie acid in comparison to rate observed 
by Hiscox and Harrison. 

witli distillation of one times the original volume. This compares favorably 
with the 95 per cent reported by Hiscox and Harrison (7). 

Following the standardization of the distillation procedure by use of 
the pure fatty acids, trials were conducted in which butterfat having high 
free fatty acid content was steam distilled. In some trials, approximately 
150 grams of butteroil were used, in other trials, the size of the sample was 
approximately 50 grams. The volume of the sample was increased to 200 
ml. with acidiied water and 200 ml, portions of the distillate were titrated- 
Eesults of 7 trials are presented in table 3. 

Data ill this table reveal that steam distillation of the pure butteroil 
results in poor recovery of the fatty acids. This may result due to the fact 
that no appreciable quantity of the lower volatile fatty acids are in the free 
state, or to the retardation action of the fat. The volatility of 4r-6 per cent 
of the fatty acids is considerably lower than 15 per cent reported by Fonts 
(4). However, Fonts titrated 200 ml. of distillate from 10 grams of fat, a 
value representing 20 times the original volume as contrasted to 6 to 10 times 
the original volume used in the experiments herein reported. 


TABLE 3 

Amount of ■volatile fatty acids recovered by steam distillation of butterfat with 
high free fatty acid content 


Sample 

]Yo. 

Acid degree 
of fat 

Per cent of total free fatty acid after distilling 

3 X original voL 

6 X original vol. 

10 X original vol. 

1 

3.62 

2.43 

5.03 


2 

4.25 

2.10 

3.14 

4.02 

3 

4.25 

2.28 

3.38 

4.34 

4 

4.35 

1.84 

2,73 

3.06 

5 

4.33 ! 

i 2.35 

3.34 

4.50 

6 

6.75 1 

i 2.35 

5.62 


7 1 

7.00 

i 2.86 

6.12 
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To stiidj” furtiier tlie volatility of free fatty acids in biitterfat, bntterf at 
liaving previously niidergone considerably lipolysis was divided into two 
lots. One lot was steam-distilled directly. The other lot was dissolved in 
etiierj washed with 0.05 N XaOH solution and then rinsed with distilled 
water to remove the remainder of the salts. Fifty grams of fat were usedj 
washed with six 20-iiil. portions of the alkali, and rinsed with two 20-mL 
portions of water. The alkaline washings and the water rinse were com- 
binedj adjusted to pH 2 with H2SO4 and the solution distilled. Two-hnn- 
dred-ml. distillate portions obtained from the fat and from the alkaline 
rinsings of the fat were titrated. Acid degrees of the fat used in this study 
ranged from 3.62 to '7.0. Average results are portrayed in figure 2. 



Fig. 2. Eecorerj of volatile fatty acids from butteroil having high acid degree when 
steam distillation was conducted on the butteroii and on the alkali washings from the but- 
teroil. (Original volume — 200 ml.) 

This figure illustrates the remarkable difference in volatility of fatty acid 
when the acids are removed from the fat and then distilled and when they 
are distilled directly from the fat. Distillation of six times the original 
volume resulted in a recovery of only 5.7 per cent of the acids w^hen the 
distillation involved the fat itself, whereas a recovery of 32.7 per cent re- 
sulted when the fatty acids were distilled separately. The rate of distilla- 
tion of .the fatty acids from the acidified-alkaline rinse is also interesting. 
Approximately 30 per cent of the fatty acids recovered during the total 
distillation period were recovered by distillation of one times the original 
volume. However, an appreciable quantity of acids were being distilled at 
the close of the distillation. 
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Eesiilts secured witli the acidified-alkaliiie rinse indicate tliat a liiglier 
percentage recovery of fatty acids may be obtained from lower 'acid degree 
fat. Ill one trial in wMcb the fat possessed an acid degree of 3.62, 48.8 per 
cent of the acids ivere recovered by distillation of seven times the voinine, 
whereas under similar conditions, fat with an acid degree of 7 permitted a* 
recovery of 31.4 per cent. However, additional information is needed in this 
eoniieetion before conehtsions are drawn. 

DISCUSSION 

The failure of the washing of the fat with successive portions of warm 
water to reduce the fatty acid content indicates the possibility that water- 
soluble fatty acids either are not retained in any appreciable quantity by the 
fat or are held in such a manner that they are not removed by the water- 
washing procedure. These findings demonstrate that washing of the butter 
granules following churning and during the preparation of biitteroil for fat 
titrations will likely have no influence on the resulting titer of the fat. Thus, 
the preparation of biitteroil in lipolytic studies may be greatly expedited by 
utilizing water to remove the miik-solids-not-fat. 

The stearn-distillation studies show the undesirability of attempting to 
measure lipase activity in the milk or cream by steam-distillation of the fat. 
The proportion of volatile acids obtained by this procedure is so small that 
differences between samples may not be clearly demonstrated. In contrast, 
the steam-distillation of acidified-alkaliiie washings of fat appears to be an 
excellent method of studying lipolysis. Eecovery of the acids was approxi- 
mately five times as great for the alkaline washings as for the butteroil when 
the volume of the distillate was six times the original volume. 

The high proportion of volatile acids secured wheii the acids were dis- 
tilled separately from the fat may serve to indicate that the fatty acids 
involved are of the water-insoluble fat-soluble type. Hiseox and Harrison 
(7) found biitterfat to distinctly retard the distillation of this type of acid, 
with the retardation increasing with increasing solubility of the acids in fat. 
This fat retention effect is especially marked in the results presented herein. 
Ill addition, the fact that these acids are not removed hy washing fat with 
water and that the rancid flavor is not retained by the fat also indicates that 
the free fatty acids present in churned fat are of the fat-soluble -type. 

CONCLUSIONS 

The fat acidity of biitterfat from homogenized raw milk was not appreci- 
ably affected by washing with six successive portions of warm water. How- 
ever, washing of an ether solution of the fat with a weak alkaline solution is 
an efficient method of removing the free fatty acids. 

Steam distillation of butterfat is highly inefficient as a means of recover- 
ing volatile fatty acids, resulting in a recovery of approximately 5 per cent 
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wlien distillate Toliiiiie was six times original Yolmne. In contrast, distilla- 
tion of aciclified-alkaliiie wasliings of fat resulted in a recovery of approxi- 
mately 32 per cent of the free fatty acids. 

Free fatty acids in biitterfat secured from liomogenized raw milk by 
ebiiriiiiig are apparently of the water-insoluble fat-soluble type. 
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THE INFLUENCE OF LOAN ENVIEONMENTAL TEMPEEATUEES 
ON intea:\iammaby TE]\IPEEATUEES* 

MABIO COPiXEJO M.,1 DWIGHT ESPE AXi> C. Y. CANNOY 
Iowa Affnevlf}(ml Experiment Station, A'tnes, Iowa 

Since temperature plays an important part in all physiological processes 
it is only consistent to expect that variations in the temperature of the udder 
should affect the production of milk. Although the rectal temperature of 
the normal cow lies between 100° and 103° F., one would expect the udder, 
with its comparatively large exposed surface, to be influenced to some extent 
by the eiiviroiiineiita] temperature. Many reports have been published deal- 
ing w'ith the effect on milk production of low' environmental temperatures 
but no information regarding intrainammary temperatures has been found. 

Since the teats and low’er portion of the udder are more exposed than 
other portions, one wTjiiId expect temperature changes in this area to be most 
marked. Therefore, for the most part, only data on the temperature in the 
teat and the milk cistern have been used in this study. 

Two methods of obtaining the intramammary temperature were used. 
Insexiing a small metal thermometer (Model 226L001, Weston Electric 
Iiistrimieiit Company) directly into the teat cistern and making readings as 
soon as a constant temperature w'as indicated, was one. Hereafter, tliis 
method wdll be designated as the “direct method.’’ The other method, an 
“indirect” one, w'as that of estimating the intrainammary temperatures 
from the temperatures of the first drawn milk. 

The direct method of obtaining the intramammary temperature is un- 
questionably the better method. How'ever, due to the clanger of introducing 
infection into the udder, only eow's w'hieh w'ere to be discarded for milk pur- 
poses could be used in this manner. Of the eight cows on w'hieh direct 
temperature readings W’ere obtained, four were reported by our veterinary 
department to be mastitie in one or more quarters. How'ever, none of these 
cows had acute mastitis in the commonly accepted meaning of the term, 

Cow^s with mastitis w'ere kept in a separate barn from the one housing the 
healthy animals. The removal from the herd at frequent intervals of all 
COW'S infected with mastitis as w'ell as the diffleulty of carrying out even two 
trials at the same environmental tempera hire made it impossible to secure 
adequate data by the direct method. For these reasons it seemed wise to 
check the direct method by an indirect method and then use the indirect 
method to obtain more data from eowrs free of mastitis. 

Beeeived for publication July 26, 1943. 

* Jouriial Taper No. J-1137 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 814. 

1 Mario Cornejo, UniTersidad de Chile, uses the customary form in Chile of 

placing the fii’st letter of his mother ’s surname after Ms surname. 
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During tlie exposure period^ tiie cows were confined to a small protected 
yard just soiitli of tlie barn. Some of the differences noted witli the same 
cow and the same eiiTironinental temperature may have been due to differ- 
ences in activity of the cows from day to day and to wind velocity. Also, 
when the siin was shiiiing, the environmental temperature tended to fluctuate 
rapidly. Data showing the effect of repeated sampling, et cetera, were 
obtained in the barn proper after the severe winter weather had -passed. 

Before securing direct readings each cow was brought into a room whose 
temperature varied from 65"^ to 75° F. The udder was washed and disin- 
fected. The thermometer whose stem was seven and three-fourths inches 
long, was inserted as far as xiossible into the mammary gland and readings 
made by means of a mirror held beneath the inA’crted dial. The dials were 
graduated in two degree intervals and the thermometers were guaranteed by 
the makers to be accurate to Avithiii one-half of one per cent, which was 
verified. The order in which readings were taken is indicated in the tables. 

In making indirect readings, the udders were quickly washed with chlo- 
rine solution and samples collected as soon afterwards as x>ossible. The 
samples of milk were collected in four test tubes, one for each quarter of the 
udder. These 60-mL test tubes were each inserted into pint thermos bottles 
and securely attached so as to be doubly insulated from the effects of the 
temperature of the room in which readings were made. Cork stoppers with 
small thermometers (like those commonly used in the Van Slyke blood gas 
apparatus) completed the assembly. 

Just before milk samples were obtained the thermos bottles were removed 
from the constant temperature oven and brought to the room where tem^Dera- 
ture readings were made. Each 60-ml. tube was emptied of water, filled at 
once mth warm milk, preferably from a cow subjected to the same tempera- 
ture changes as the environmental animals, and the tubes corked. In taking 
milk samples from experimental animals, the tempering millv^’ was dis- 
carded and each tube filled at once with milk from a cjuarter of the udder of 
an experimental animal. The thermos bottles were held close to the end of 
the teat and were filled with milk as rapidly as possible. Due to foaming 
only about 50 ml. of milk were removed at each sampling. The tubes were 
then corked and the thermos bottles inverted so that milk and not foam was 
sure to cover the thermometer bulbs. Readings were made as soon as samples 
from all quarters had been obtained. 

RESULTS 

Before attempting to study the effect of low emdroiimentai temperatures 
on the udder of the cow it seemed wise to determine the normal range of 
udder temperatures. Table 1 not only shows the udder temperatures by the 
direct and indirect method, but data are also presented on temperatures of 
each quarter both for healthy cows and those considered to be carriers of 
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mastitis. These values were obtained after the cows had been in the barn 
for several hours. Altlioiigii barn temperatures varied from 58“^ to 70° F. 
at different times during* the experiment, readings were obtained for all 
quarters of the udder at any one temperature. 

"With some cows the temperature of the milk in the quarter sampled last 
was higher than the milk in the quarter sampled first. This was not eon- 
sistently true. There was a definite tendency, though, for the milk in the 
ttvo front quarters to be slightly higher in temperature than the milk in the 
two rear quarters. There was no regular difference between the intramaiii" 


TABLE 1 

Bata slioivinij average intramammarg ieinpiraiure of nd^ler with envlronMenial 
temperatures of to 70- F. 


Quarters 

( 0 bser V a ti o ii s ma cle in 
order mdieated) 

1 

No. of 1 

observations | 

Direct 

method^ 

! 

No. of j 

observations | 

i 

Indirect 

metliodt 

Cows free of mastitis 


I 

® jP. 


c 

1. Eight front 

10 ! 

99.1 

28 

97.9 

2. Bight rear 

10 I 

98.7 

28 

97.6 

3. Left rear 

10 j 

9S.7 

28 

97.4 

4. Left front • 

10 1 

99.1 

28 

97.8 

Two front 

i 

99.1 

...... 

97.85 

Two rear 

... i 

98.7 


97.5 

Cows with mastitis 

1, Eight front 

31 ! 

99.0 

30 

97.6 

2. Eight rear 

31 1 

98.7 

30 

97.9 

3. Left rear 

31 1 

98.5 

30 

97.2 

4. Left front 

31 i 

99.0 

30 

97.6 

Two front 


99.0 


97.6 

Two rear 

1 

98.6 


97.5 


* Thermometer inserted into gland cistern, 
t Temperature of first dra\ra milk. 


niary temperatures of cows free of mastitis and those known to have been 
previously infected wdth mastitis. 

The intramammary tempjeratures secured by the indirect method are 
about 1.2 degrees lower than those obtained by the direct method. These 
' differences were greater when barn temperatures were low and with cows 
which milked slowly. The intramammary temperature, as obtained by the 
direct method, showed no consistent change with the usual fluctuations in 
barn temperature (58° to 70° F.), so it is apparent that the indirect method 
becomes less reliable as lower environmental temperatures are studied. 

Variations of the intramammary temperature for the same cow \mried 
between trials as much as 1° F. by the direct method and 1.5° P. by the 
indirect method. Changes in environmental and body temperature caused 
some of this fluctuation. Washing the udder before collecting the samples 
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may liave produced different responses on different days. Differences in tlie 
ainoiiiit of bedding protecting tiie udder from tlie barn floor also varied from 
day to clay and may have caused some minor fluctuations in iiitramanimaiy 

temperature. 

iiltlioiigli more pendulous udders miglit be expected to sliow lower tem- 
peratures tiiaii tlie so-ealled ‘"tigiit Te>sser’ type, no definite trend was evi- 
dent at barn temperatures. 

Tbe data presented in table 1 have been rearranged in table 2 so as to 
sliow wbetber tlie breed or the milk volume of the udder iiiflueneed the intra- 
iiianiiiiary temperature. No evidence was found to indicate that either fac- 
tor is important when the environmental temperature is between 58° and 
70° ¥. 


TABLE 2 

Effect of jnUJ: prochictkm and breed on iniramammanj temperature 
( hidvreci method) 


No. and breed 
of cows ill 
eacdi trial 

No. 

trials 

1 

Average daily production 

> 60 lbs. 

25-60 lbs. 

< 25 lbs. 

All cows 

Tempera • 
ture* 

Tempera- 

ture* 

Tempera- 

ture* 

Tempera- 

ture* 

j 



^F. 

°F> 

^F. 

20 Holstein i 

3 ^ 

9S.2 

97.9 ! 


98.0 

6 Gneriisev 

3 



98.0 i 

98.3 

98.1 


* Temperature of first drawn milk. EnTaronmentai temperature (barn temperature) 
varied slightly but samples from every cow were taken at each trial. 

TABLE 3 

Temperatures of consecutive samples of ^nillc obtained from the same udder* 


Cows used in 
eaeli trial 

Trials 

Average temperature of milk from ail quarters 

First sample 

Second sample 

Third sample 

No. 

No. 

^F. 

^F, ^ 

°F. 

20 

3 i 

98,9 

98,9 

99.1 

3 

1 i 

98.1 

98.7 

99.2 


* Bata obtained during each trial were taken at the same environmental temperature. 
The environmental temperature between trials varied from 58-68= E. 


In trials, results of which are reported in table 3, a second series of milk 
samples was taken as soon as the temperatures on the first series of samples 
had been noted. And then a third series of samples was taken from the 
same cow, all within about a three-minute interval. During this interval 
most of the cows had begun to ''Jet down"^ their milk. Although the last 
series of samples gave higher values than the first two, the temperature 
differences were not very important. 

Only a very small amount of data bearing oil the importance of this 
“letting down” process were obtained with cows exposed to low environ- 
mental temperatures. By the indirect method, readings were obtained on 
four cows after three hours' exposure at 20° F. (table 4). The udders of 
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TABLE 4 


Effect of handling the udder on the temperature of the first dravn mill: obtained from 
cows exposed to an environmental temperature of 20^ F. for 3 hours 


j 

1 

Front 

quarters 

in^F. 

Bear 
quarters 
in °F. 

All 

quarters 
in ^F. 

Cow’ No. 1701 

Udder not handled before sample was taken 

95.9 

95.4 

95.6 

Cow No. 1044 

Udder washed before sample was taken ■ 

97.2 

96.8 

97.0 

Cow No. 1751 

Udder not handled before sample was taken . , | 

94.1 

92.6 

9S,7 

Cow No. 1750 

Udder washed before sample was taken 

97.4 

96.7 

97.0 


two of these eows were w'asiied and disinfected as already noted in the 
methods of procedure. With the other two cows, milk samples were with- 
drawn without previous handling of the udder. Although there were always 
differences in iiitramammary temperature between eow’s exposed to the same 
emdronmental temperature, the striking differences noted in table 4 would 
indicate that the handling of the udder is likely to cause the eows to '^let 
down” their milk and that this phenomenon explains why the milk in the 
udders of these cows tends to ^‘heat up,” probably by adding more milk from 
higher up in the gland to that already present in the milk cistern. 

TABLE 5 


delation between rectal temperature and intrarnammary temperature when the 
environmental temperature varied from dS° to 70^ F. 


Rectal 
temperature 
in ® F.f 

No. of 
cows 

Total 

No. of 

observations 

Average intramammary temperature^ 

Fore 

quarters 

in°F. 

Rear 
quarters 
ill °F- 

All 

quarters 

in^F. 

100.8 

4 

24 1 

99.1 

98.9 

99.0 

101.0 i 

•L> 

fj 

9 i 

98.7 

98.7 

98.7 

101.1 ! 

1 1 

1 i 

9S.7 

98.S 

98.7 

101.3 ! 

5 I 

25 

98.5 i 

i 98.6 

98.6 . 

101.3 i 

3 ! 

1 <5 i 

99.2 1 

! 98.9 

99.0 

101.4 i 

5 ! 

i 30 ! 

99.0 

i 98.8 

98.9 

101.5 ' 

i 3 

i 12 i 

08.0 

1 97.2 : 

97.6 

101.6 

i 

1 12 ' 

i 97.S 

97.6 

97.7 

101.7 

1 2 


97.7 

97.3 

97.5 

101.8 

2 

4 

98.3 

98.3 

97.3 

101.9 

3 

6 

97.7 

97,3 

97.5 

102.0 

9 

4 

98-1 

97.9 

98.0 

102.1 

1 

1 

97,7 

97.3 

97.5 

102.2 

1 

1 

99.4 

99.2 

99.3 

103,1 

1 

1 

99.4 

100.0 

99.7 

103,2 

1 

1 

100.4 

100.3 

100.4 


* Indirect method. 

t Eeetal thermometer with extended shank was used so that bulb was inserted two 
inches deeper than normally. 
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TABLE 6 


Eelatio-ii ’between environmental temperature and intramammarp temperature 


Environ- 

inentjil 

Xo. of 
cows 

Total 


Temperature in 


temperature 
ill op. 

Xo. of 
trials j 

Fore 1 

quarters j 

quarters 

1 Rectal 


Direct metliod 


-14 

2 

1 1 

97.1 

90.6 1 

96.9 

101.5 

-12 

1 

1 

96,2 

96.0 ! 

96.1 

101.4 

-10 

2 

1 

95.S 

95.3 

95.5 

101.0 

9 

2 

1 

98,2 

97.2 

97.7 

101.3 

li 

2 

2 

97.9 

96.9 ' 

97.3 

101.7 

10 

2 

1 

98.3 

9S.0 

98.1 

101.9 

17 

2 

1 

98.3 

97.6 

97.8 

101.6 

IS 

1 

2 

9S.2 

97.7 

97.9 

103.0 

19 

1 

1 

98.6 

97.7 

98.1 

101.9 

20 

o 

3 

98.0 

97.6 

97.8 

101.7 

28 

3 

2 

9S.6 

97.9 

98.2 

101.5 

29 

3 

1 

98.8 

98.8 

98.8 

101.5 

30 

o 

1 

98.7 

98.1 

98.4 

101.6 

31 

5 

1 

98.7 

97.8 

98.2 

101.7 

32 1 

: 1 

1 ; 

98.7 

98.3 1 

98.5 I 

' 101.8 

40 ! 

1 

2 

99.0 

98.9 I 

98.9 i 

101.7 

44 i 

i 3 

1 1 1 

98.6 

97.0 

, 98.1 i 

' 101.9 

48 1 

3 

! 1 1 

: 98.5 

98.3 ; 

I 9S.4 i 

1 101.7 

49 i 

2 

i 1 : 

! 99.2 

' 98.7 ! 

! 98.9 i 

I 101.3 

52 ! 

i 

2 : 

99.3 

99.0 i 

99.1 

101.9 

54 i 

2 

1 i 

1 99.1 

98.7 

98.9 1 

101.6 

55 i 

o 

1 

; 99.0 

i 98.6 

* 98.8 

101.4 

56 

i 

1 

1 99.3 

i 99.0 

1 99.1 

101.3 

58 

3 

1 

I 99.0 

98.6 

i 98.8 

101.9 

60 

2 J 

1 

i 98.S 

98.5 

! 98.7 

101.6 

61 

2 ' 

1 

99.0 

: 98.9 

: 99.0 

1 101.5 
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Since rectal temperatures were always taken at the same time as the 
temperatures of the udders were being determined, it seemed wise to see if 
there was any relationship betw’een them. These data, shown in table 5, 
indicate no relationsiiip betw’een rectal temperature and adder temperature 
except when the rectal temperature x*ose above 103" F. The samples of milk 
secured from cows with a high rectal temperature showed a slightly higher 
temperature than milk from the rest of the herd tested. 

The average differences between the rectal and udder temperatures dur- 
ing the winter wms 3.6' F., by the indirect method, and 2:7'^ F., by the direct 



Fig. 1. Belation between environmental, body (rectal) and udder temperatures. 

iiietliod. The four eotvs which had a high rectal temperature showed an 
average difference betw^een rectal and intramainiiiary temperature -when 
measured hy the indirect method of only 3.1° F. 

Most of the information presented so far was obtained with eow^s housed 
in a reasonably warm, w^ell-constructed barn. These data give us some idea 
of the general range of variability in intramammary temperature which may 
be expected under a moderate environmental temperature. Data are pre- 
sented in table 6 which show the effect on the udder of external temperatures 
ranging from 70° to - 14° F. A total of thirty cows were used in twenty- 
six trials to obtain this information. Nineteen of these cow^s were free from 
mastitis while eleven of them w’ere, or had been, infected with mastitis. The 
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time of exposure was never less than one hour when direct temperature read- 
ings were taken and never less than two hours when indirect readings of 
udder temperatures were taken. Most of the cows were left outside longer 
periods unless the weather was very severe. 

Proni the data presented in table 6 and figure 1 it is evident that the 
intramamniary temperature is influenced by low eimronmental tempera- 
tures. During the coldest weather the intramammary temperature was over 
5^ P. below the rectal temperature when recorded by the direct method. 
This should be compared with a difference of 2^^ to 3° P. when the environ- 
mental temperature varied between 58 and 70® F. If the cows had been 
kept quiet and exposed to sub-zero weather, it is quite probable that the 
difference between tlie teinperatnre in the teat cistern and in the lower part 
of the gland cisternj and the rectal temperature, may actually have been as 
great as 10° P. This is especially true if the animal had lain on the cold 
ground or snow. The difference in temperature between the fore and rear 
quarters also became greater as the temperature dropped^ probably because 
of the greater surface exposure of the rear quarters. Differences in rectal 
temperature as a result of exposure were negligible. 

Only one observation was made with a dry cow. This animal was left 
out of doors for an hour when the temperature was 10° below zero. By the 
direct method, temperatures of the different quarters were as follows ; right 
front, 96° P., right rear, 93° P., left front, 94° F., and the left rear, 91.9° P. 
The unusually low readings for the rear quarters may have been caused by 
obstructions which would not allow the thermometer to be inserted farther 
than the base of each teat. This cow’s ndder was very pendulous and the 
teats large. In spite of this condition she never appeared to suffer from 
exposure while cows which were milking heavily occasionally had the ends 
of their teats frosted. In fact, the danger from low temperatures appeared 
greatest with cows whose udders were full of milk. 

CONCnUSIONS 

When cows were kept in a barn where the temperature varied between 
58° and 70° P., the temperatures of their udders (teats and milk cisterns) 
averaged 2.5° to 3.0° F. lower than their rectal tempei’ature. When cows 
were exposed to sub-zero weather the observed differences increased to 
around 5° P, The movement of the cows into the barn and the washing of 
the udder before inserting the thermometer into the gland cistern decreased 
the actual difference between rectal and udder temperatures. Otherwise, 
greater differences would have been observed. 
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The faTorable returns from intensive systems of pasture management in 
Europe have attracted widespread attention in this country. One of the 
foremost advantages affirmed for this system is the improvenient of the 
quality of the herbage. Since improved pastures are generally accepted as 
a practical solution to many difficult nutritional problems in the live.stoek 
industry today, any practical measure that reputedly enhances the nutritive 
value of the pasture plants merits consideration. 

Rotational grazing, an essential phase of intensive pasture management, 
has been reported to increase the carrying capacity of pastures in several 
eases (9, 10, 19). Conceivably this increased yield could be related to quali- 
tative changes, particularly in carotene values, of the herbage. Since there 
is a paucity of information on this subject, the need w^as deemed adequate 
to warrant investigation. 

Thus a determination of the comparative effects of continual and rota- 
tional systems of grazing on the carotene of the herbage, primariB", and of 
the milk, secondarily, constituted a supplementary phase to a three-year 
study designed to ascertain the applicability of rotational grazing to im- 
proved Bermuda grass pastures. 

EXPERIMENTAL 

Pastures. The grazing ax’eas were improved pastures, previously de- 
scribed (5). The total area of six acres was divided by permanent fences 
into three two-aere paddocks. Each year one of these was continually grazed 
while the remaining two, subdivided by temporary electric fences to form a 
four-unit system, were rotationally grazed. In the course of the three-year 
investigation each paddock was grazed eontiiiiially one season and rotation- 
ally two seasons. 

The flora consisted primarily of hop clover (Trifolmm procumhens L.) 
in early spring and Bermuda grass (Cynodon dactylon (L.) Persoon) dur- 
ing the remainder of the grazing season. However, small amounts of other 
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plants ini'liiding white Diiteli clover {TrifoUum repens L.)? clover 
(Jledicago arasica) and common vetcli (Tieia satrva) also contributed to the 
early grazing. In late spring during tlie brief interim between the niatiira- 
tioii of tile legumes and the development of Bermuda grass to tlie grazing 
stage and in tlie latter part of stimnier when droughts occurred, available 
herbage was sometimes sparse. 

Annual applications of a 6-12-6 fertilizer were made at the rate of 400 
pounds per acre during either late winter or early spring. 

At various times throughout the grazing season, the paddocks were 
mowed to remove iingrazed clumps of grass and to check the growth of 
scattered areas of objectionable weeds. 

Grazing animals. Lactating cows of the Holstein, the Guernsey and the 
Jersey breeds were used in comparing continual and rotational grazing. 
Eecommended procedures (1) were followed in the selection, allotment and 
management of the coavs. 

The pasture grass Avas supplemented AAuth a simple loAA^-carotene concen- 
trate mixture, AA’hich Avas fed according to the quantity of herbage available 
and the amount of milk produced by the indiAudual coavs. During periods 
of scanty grazing, beet pulp also Avas iiieiuded in barn feeding. 

The frequency of transfer from one unit to another in the rotational 
system varied with the stage of maturity and the rate of growth of the pas- 
ture herbage. Hence, the rotational rate was more rapid in spring than in 
the latter part of the pasture season. During the annual grazing period, an 
average of six rotation cycles of 29,5 days each AA’'ere completed. In a repre- 
sentative cycle each pasture unit was grazed 7.5 days, leaAung an interim of 
22 days for recovery. 

Serfage samples. The samples of pasture herbage AA^ere composites rep- 
resenting clippings collected at random over the respeetiA^e pasture areas. 
The plants were cut at a height approximating the lev^el to which it Avas 
grazed by the coavs. In the rotational system a sample Avas taken from each 
section immediately before the cattle were released onto the area. In the 
continual system the first sample was gathered shortly preceding the initial 
grazing, and subsequent samples Avere collected at the same time as each 
alternate sample from the rotational series was clipped. This plan resulted 
in the collection of approximately tAVO samples from the continually grazed 
area and four from the rotational sections each month ; thus the number of 
samples from the tAvo areas was in the same ratio as the acreage involved. 

Each gross sample of collected grass was chopped sufSciently fine to per- 
mit accurate sub-sampling for carotene analysis. 

The analytical procedure for the determination of carotene was based on 
the principles set forth by the Association of Official Agricultural Chemists 
(2) for the preliminary extraction and the modification described by 
Hegsted et al. (7) for the final extraction. The amount of extracted earo- 
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teiie was ealeiilated from eolorirnetrie measurements; using a stand ardized 
solution of potassiiiiii dieliromate as the reference reagent. 

Mill' samples. IiidiTidiial milk samples for carotene analysis were col- 
lected from a representative of each of the three aforeiiieiitioiied breeds in 
the respective grazing gToiips. These samples were eolieeted bi-w’eekly dur- 
ing three eoiiseeiitive periods_, pre-graziiig, grazing and post-grazing. The 
iiiiniiiiiini length of the first and last periods was one moiitli. during which 
time tlie cattle w'ere barn-fed, receiving corn silage as the only roughage. 
The duration of the grazing period varied from year to year, depending 
primarily on eliniatie conditions. 

Each milk sample a composite of alirinot portions taken from each 
of the three normal milkings during a day. In the period between milkings 
the eolieeted milk tvas stored at a temperature of 35"’ to 40^ F. Within three 
hours after the final collection, tlie sample tvas composited and subjected to 
the initial analytical procedures. 

The fat of the milk was determined by the standard Babcock iiiethocl and 
the carotene was measured by a procedure developed by one of the authors 
(Mitchell) ill 1936. The available methods at that time required the use of 
milk fat as the starting material. These procedures necessitated not only 
the use of large volumes of milk but also the expenditure of much time and 
labor to prepare the fat. In searching for a suitable procedure the Eoese- 
Gottlieb (2) method of extracting fat from ivhole milk was adopted as the 
base from which the following procedure evolved : 

A 50-ml. portion of milk is placed into a 250-niL separatory funnel. 
Seven ml. of ammonium hydroxide and 50 ml. of ethyl alcohol (aldehyde- 
free) are added successively. The contents of the funnel are shaken after 
each addition. Fifty ml. of ethyl ether and 50 ml. of petroleum ether (b.p. 
35-60^ C.) are then added in the order listed and mixed gently after each 
addition. Vigorous agitation may result in emulsification and poor separa- 
tion of the ether layer. The contents of the funnel are allowed to stand 
30 minutes for complete separation after which the lovrer layer is drawn off 
and the remaining material reextraeted with a mixture of 25 ml. of ethyl 
ether and 25 ml, of Skelly solve B (petroleum ether, b.p. 60-70° C.). All 
material from the two extractions is placed into a distillation flask and dis- 
tilled under reduced pressure at a temperature of 70-80° C. to remove the 
more volatile solvents. Usually 10 to 15 ml. of a solution, mainly Skelly 
solve, is left in the flask. 

This residual material is transferred to an Erlenmeyer flask where it is 
mixed with 25 ml. of an alcoholic potassium hydroxide solution (60 gm. 
potassiiini hydroxide made up to one 1. with ethyl alcohol). The fat present 
is saponified by refluxing 30 minutes, after which the contents of the flask 
are cooled and transferred to a separatory funnel by rinsing with 20 ml. of 
water. The material is extracted twice with 20-mL portions of Skelly 
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solve B. Tlie extracts are combined and washed three times with small quan- 
tities of distilled water. This washed ether extract is concentrated under 
partial vacuum to less than 25 ml., after which it is dried over anhydrous 
sodium sulphate. The extract is then transferred to a glass-stoppered gradu- 
ated cylinder. Hexane is added to make the volume up to approximately 
25 ml.j the dilution depending on the intensity of the color needed for com- 
parison. 

The carotene content of this solution is determined by means of a spee- 
trophoteiometer. 

Since this procedure was developed, other investigators (13, 17) have 
employed the Eoese-Gottlieb principal of extraction in determining the caro- 
tene of milk and milk products. 

Galciilatiom, The cfuantity of carotene in the pasture herbage was calcu- 
lated as micrograms per gram of dry matter and that for milk, standardized 
at foiir-per-eent fat, as micrograms per liter. Since this four-per-cent stand- 
ard is frequently used in dairy ealeulations, it was adopted as the common 
base for expressing the carotene content of the milk produced by the three 
different breeds. 

For each grazing system, the carotene data for the milk from the three 
breeds and for the pasture herbage were grouped chronologically by semi- 
monthly periods for each grazing season. Subsequently these data for the 
three seasons were averaged by the corresponding calendar periods. This 
organization of the data was designed to show trends aseribable to seasonal 
changes as well as to indicate variations resulting from the different systems 
of grazing. 

RESULTS 

The results as sho\%Ti in the graphical summary of the data, figure 1, are 
essentially negative ; that is, the system of grazing effected no marked and 
consistent differences in the carotene of either the pasture plants or the milk. 

In the ease of the carotene concentration of the herbage, the only notable 
difference that could be related to the system of grazing occurred in June 
when there was a transition from leguminous plants to Bermuda grass. 
Since the carotene of plants generally bears a direct relationship to their 
rate of growth, the observed difference at this period might he ascribed to 
the fact that the continual grazing retarded the rate of recovery of the pas- 
ture herbage to a greater degree than did the rotational grazing. 

Irrespective of the system of grazing, the trends and fluctuations in the 
carotene of the herbage reflected the influences of several interrelated modi- 
fying factors, most pronounced of which were stage of maturity and rain- 
fall When the clovers and vetches were flourishing in the spring and 
Bermuda grass was in its initial stages of growth in the early summer, the 
carotene concentrations were higher than at any other time. The effect of 
maturation, accompanied by droughts in late spring and early fall, was indi- 
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cated by tlie iiiterrupted decreases in tlie Bermuda grass, first, following tlie 
initial fliisli in June and, second, after the marked growth retardation in 
early fall. 

A comparison of the carotene Tallies of the milk produced from the 
respectiTe systems of grazing disclosed no pronoimeed differences that might 
be ascribed to the systems of grazing. This observation is in accord with 
expectations since the yield (18) and the carotene values of the herbage from 
the comparative systems w’ere similar. 

The trends of the carotene of the milk, for the most part, tvere typical for 
normal pasture grazing. The precipitous rise dninng the first two w^eeks 
following the change of the feeding regime from winter roughage to pasture 
herbage is in agreement with long-established precedent (14), but the snbse- 



Fig. 1. Summary of a three-year pasture investigatioa showing the comparative 
effects of continual and of rotational grazing on the carotene concentration of the pasture 
herbage and of the milk produced therefrom. 

qiient retarded rate of increase to the maximum plateau, apparently the 
^‘ceiling^^ value (16), is somewhat unusual (11). Evidently a decrease in 
the carotene intake resulting from the maturation of the spring legumes was 
the primary factor contributing to this retardation. A probable secondary 
operative element was the increased output in the milk; even though the 
amount of carotene eliminated through this channel constitutes 'Only a small 
fraction of the total amount ingested (3, 4, 6^ 8, 12, 15). The changes in the 
milk yield during May and June were incommensurate with the reduction 
in the availability of fresh green herbage. Therefore, the additive results of 
these relative changes in intake and output would account, in a great mea- 
sure, for the prolongation of the time necessary to reach equilibrium. 

The temporary interruption of the decline of carotene concentration of 
the milk coinciding with the change from grass to silage might be attributed 
primarily to an increased intake of carotene. The fresh silage was more 
palatable and probably more potent in carotene than the Bermuda grass in 
an advanced stage of maturity. 
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DISCUSSION 

The emphasis piaced on the role of cai’otene as the primary source of 
vitamin A active substances in daily cattle nutrition has led to the explora- 
tion of a multitude of factors affecting the concentration of this compound 
in the plants commonly used for dairy feeds. Grazing per se probably 
affects the carotene of permanent pasture herbage to the extent that it modi- 
fies the direct influence of other factors. Grazing practices that either 
impair plant development or permit the plants to reach an advanced stage 
of maturity obviously adversely affect carotene values. 

In the foregoing comparison of continual and rotational systems of 
management the intensity of grazing was regulated so that optimum returns 
were obtained from lactating eows throughout the grazing season. Since the 
carrying capacity of the pastures under the tw^o systems of grazing was 
approximately the same, the similarity in carotene values was in accord with 
expectations when these observations are considered in the light of the vital 
role that the quality of forage plays in milk prodnction. 

It is reasonable to assume that any pasture providing the quality and the 
quantity of herbage necessary to maintain optimum milk yields over a pro- 
longed period also would supply carotene in sufficient amounts to raise its 
concentration in the milk to the ceiling” value. Irrespective of system of 
grazing the uniform level of carotene in the milk (figure 1) during the sum- 
mer months and the lag in its reduction in relation to the initial decrease 
of carotene in the herbage, during the latter part of summer, tend to support 
the foregoing assumption. However, a possibility that cannot be disre- 
garded entirely is that the intake-output relationship of the carotene during 
the summer months might have been so constant that a uniform level in the 
carotene of the milk w^as maintained at a ‘‘sub-ceiling” level. 

During the latter part of the grazing season, the decrease in the carotene 
of the milk following that of the herbage indicates that either the cows did 
not have a carotene reserve or that the reserve was not being utilized in 
sufficient amounts to maintain the prevailing high level in the milk. This 
last suggestion appears to be the more rational explanation in view of the 
present knowledge of depletion of body stores. 

Even though the observations of this investigation disclosed no signifi- 
cant differences that might be ascribed to the system of grazing, the results 
do not preclude the possibility that the two systems may reveal a different 
relationship, particularly in the carotene of the herbage, with other species 
of plants and/or different soils and fertilizers. 

SUMMARY 

A study was made of the relation of continual and rotational systems of 
grazing to the carotene content of the herbage of improved Bermuda grass 
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pastures and of the milk produced by respective groups of cows grazing 
thereon. 

The system of grazing effected no marked and consistent difference in 
either the concentrations or the variations of the carotene in the herbage. 

The carotene concentrations and fluctuations of the milk revealed no 
differences that could be ascribed to the system of grazing. 

The quantitative changes in the carotene ingested were reflected in the 
carotene values of the milk during the spring and the fall when the concen- 
trations in the milk w^ere at a ‘^sub-ceiling'^ level, but this did not hold true 
during the summer, since the values of the milk apparently were at “ceil- 
ing" level. 
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OXIDIZED FLAVOR IN MILK. XIII. STUDIES OP CUPRIC COM- 
, FLEXES OP ASCORBIC ACID AND CERTAIN AMINO ACIDS 
AND THEIR POSSIBLE RELATIONSHIP TO OXIDIZED 
FLAVOR DEVELOPMENT IN MILK* 

PLOYD C. OLSONi and W. CAESON BROWN 2 
West Virgihia Agncnltural JSxperiment Station, Morgantown, West Virginia 

In studies on the mechanism for the production of oxidized flavor in milk 
Olson and Brown (4) postulated that the ascorbic acid in milk was oxidized 
by copper ions giving hydrogen peroxide as a product; the hydrogen per- 
oxide was then thought to oxidize the phospholipides of milk, producing the 
oxidized flavor. It was found, however, that excess ascorbic acid prevented 
the formation of oxidized flavor. This would seem to be an anomaly. How- 
ever, this might be explained if ascorbic acid formed a complex ion with 
copper. 

Wark (7), in studying the complex ions of hydroxy acids with copper, 
stated: ‘‘The capability of any hydroxy-compound to form complexes with 
metallic oxides must depend on the acidity of the hydroxyl group. The more 
strongly this group functions as an acid, the more stable will the complexes 
be.’’ Prom this it would seem that the highly acidic hydroxy group of 
ascorbic acid could form a complex. 

Morton (3) reported that in neutralized solutions copper complexes were 
formed with tartaric, citric, malic, and salicylic acids. In alkaline solution 
these complexes were destroyed with the formation of highly basic hydrosols. 
In contradiction to Wark (7) Morton further stated that no stable copper 
complexes were formed with glyceric, lactic, glycollic, or mandelie acids, the 
apparent stability of the cupric salts of these hydroxy acids in the presence 
of caustic alkalies being due to the peptizing properties of the hydroxy-acid 
anion. 

Any compound that forms a copper complex would help prevent the oxi- 
dation of the normal ascorbic acid in milk and thus inhibit the formation of 
oxidized flavor. Sherwood and Hammer (5) have reported concentrations 
of citric acid salts ranging from 0.07 per cent to 0.33 per cent in milk. In 
addition, the proteins of milk should form copper complexes although there 
is some dispute as to the type of complex formed. 

Proteins may form complexes with copper through the free amino groups. 
Thus they would act similarly to amino acids. Borsook and Thimann (1) 

Received for publication August 5, 1943. 

* Published with the approval of the Director of the West Virginia Agricultural Ex- 
periment Station as Scientific Paper Ko. 309. 
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studied tlie equilibrium relations existing in solution between copper ions 
and glycine and alanine. They were studied by measurement of absorption 
spectrum and by copper electrode potentials through a range of hydrogen 
ion concentrations from pH 0 to 13, They found four types of complexes 
of both glycine and alanine, depending on the pH of solution. 

Smythe and Schmidt (6) studied the formation of complexes of sixty-one 
compounds with iron. This would be similar to the complexes of copper. 
By calculating the residual negative charge of the nitrogen atom in amino 
acids, they reasoned that monoamino monocarboxylie acids would not form 
a complex. Their experimental work confirmed this. However, they found 
that dicarboxylic acids and hydroxy acids did form complexes. In addition 
they claimed the formation of a complex with phosphoric acid and iron due 
to the residual negative charges on the hydroxy groups of phosphoric acid. 
The formation of an iron complex wuth casein was claimed to be due to the 
phosphoric acid in casein. These studies were done at pH 2.5. 

The purpose of the present study was to determine whether or not copper 
complexes were formed wuth ascorbic acid and amino acids. Citric acid was 
also used for comparative purposes. j3-alanine w^as used to compare the 
action of a-amino and (3-ammo acids. 

EXPERIMENTAL 

Most determinations of copper complexes are done with relatively high 
concentrations of copper. In this work it was desired to work in the range 
of copper concentration that might be found in milk, that is, about one part 
per million. For this purpose a method for determining very small amounts 
of ionized copper was sought. A modified Biazzo (2) method was found 
applicable. By using a 10-centiineter tube in a Keuffiel and Esser color 
analyzer at a wave length of 450 mp., a range of copper concentration from 
0.01 mg. to 0.1 mg. was accurately determined. The copper content of the 
water and reagents was estimated by using a water blank with the color 
reagents against the different copper concentrations. By plotting ~ log T 
against concentration of copper a straight line parallel to the line obtained 
by running the various copper concentrations against a chloroform blank 
was obtained. From the distance between the lines the copper content of the 
reagents and water was found to be from 0.01 mg. to 0.015 mg. for the vari- 
ous batches of redistilled water used. 

Although it was desirable to determine the amount of copper ionized at 
pH 6.5 to 7.0, this method (2) used acetic acid for the development of color 
and, consequently, the amount of copper ionized was actually determined at 
a pH of about 3.5. According to Morton (3) the complex of copper should 
be determined at neutrality. Ascorbic acid and citric acid with copper 
showed a diminution of copper ions, but these .values would have to be con- 
sidered minimum values. The amino acids showed very little diminution 
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of copper ions at the pH of reaction. Since Borsook and Thimann (1) have 
shown that a different complex of amino acids is formed at pH 3.5 than at 
pH 6.5, this method was not used for the determination of the amino acid 
complexes. 

The amount of ionizable copper with citric acid was determined by add- 
ing concentrations of 0,1 per cent to 1.0 per cent of citric acid neutralized 
to pH 6.5, to 0.1 mg. of copper and adding the reagents to develop color to 
a total volume of 100 ml. The color was extracted from the water solution 
with 25 ml. of chloroform, the chloroform was centrifuged for a few min- 



FiG. 1. Ionization of copper with citric and ascorbic acids. 

% 

utes to separate water droplets, and the color was immediately read in the 
color analyzer. 

In a similar way the ionization of copper was determined with ascorbic 
acid, using concentrations of 20 mg. to 600 mg. per liter. 

The results of both the citric acid and the ascorbic acid are shown in 
figure 1. They are calculated as the percentage of the total copper ionized. 
The curve for citric acid shows results typical for a complex, that is, the 
higher the concentration of citric acid the less copper was ionized. The 
ascorbic acid shows an entirely different type of curve. The amount of ion- 
izable copper remains practically the same for ail the concentrations of 
ascorbic acid. Instead of a typical complex like that of citric acid, the 
ascorbic acid seems to form a definite compound of copper ascorbate. The 
ascorbic acid ties up all but about 25 per cent of the copper very definitely. 
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It was desired to see wliat effect the copper complex of citric acid had 
on the protection of ascorbic acid. In a preliminary trial it was found that 
copper in a concentration of one part per million in 13 minutes completely 
destroyed, 40 mg. per liter of ascorbic acid in a 0.05 m. phosphate buffer of 
pH 6.8. This 13-minnte period was therefore used as a comparative time 
interval. A series of 100-ml.' volumetric flasks containing 0.1 mg. copper, 
the phosphate buffer at pH 6.8 and neutralized citric acid in concentrations 
of 0.1 per cent to 1.0 per cent was set up. Ascorbic acid to make a coneeii” 
tration of 40 mg. per liter was added, the flask filled to volume quickly, 



% CITRIC AGIO 

Pig. 2. Ionization of copper and destruction of ascorbic acid (40 ing./l.) with citric 

acid. 

mixed, and placed in the dark. After exactly 13 minutes an aliquot was 
removed and titrated with a solution of sodium 2.6-diehlorobenzenoneindo- 
phenol to determine the amount of ascorbic acid remaining. A similar 
aliquot was titrated after one hour. 

The results are shown in figure 2. For comparison the curve for ion- 
izable copper with citric acid is also shown. It is readily seen that less 
ascorbic acid is destroyed with increasing concentration of citric acid. The 
citric acid protects the ascorbic acid from destruction. In addition the two 
curves for the destruction of ascorbic acid are similar in shape to the ciirve 
for ionizable copper, particularly the curve for one hour. These curves 
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show definitely that the inhibition of ascorbic acid destruction is due to the 
removal of copper ions by the citric acid complex. 

The same method was used to determine whether or not amino acids 
prevent the destruction of ascorbic acid by copper. The experiments were 
conducted exactly the same as for citric acid, using glycine, glutamic acid, 
alanine, and g-alanine in the same molar concentrations. Thus results were 
obtained for two monoamino monocarboxylic amino acids, one monoamino 
dicarboxylic acid, and one (3-amino acid. Citric acid was also run for com- 
parative purposes. The results are the average of two or three determina- 
tions. 



MOLARITY OFOftOANIC ACIDS. 

Pig. 3. Protection of ascorbic acid by complex ions of a-amino acids. 

The results of the amino acids as inhibitors of the destruction of ascorbic 
acid are shown in figures 3 and 4. It will be noted in figure 3 that glycine, 
glutamic acid, and alanine all fall along the same curves. The variation 
from the curves is no more than the experimental error in the individual 
determinations. It may be noted in figure 4 that citric acid forms a curve 
of different shape from the amino acids (glycine, glutamic, and alanine) but 
of close to the same protective value. Glutamic acid gives the same curve 
as glycine and alanine, contrary to Smythe and Schmidt’s (6) hypothesis 
that the two carboxyl groups form the complex and not the amino group. 
Furthermore it must be remembered that the amino acids are compared to 
the destruction in phosphate buffer which completely destroys the ascorbic 
acid in thirteen minutes. Smythe and Schmidt’s (6) contention that phos- 
phoric acid forms a copper complex is not supported by these results. 
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Pig. 4. Protection of ascorbic acid hj complex ions of citric acid and g-alanine. 

Finally the curves in figure 4 for 3-alanine show that the amino group 
in the 3 position forms a very weak complex. After one hour the ascorbic 
acid is totally destroyed regardless of the concentration of 3-dlanine. These 
results would definitely indicate that amino acids form copper complexes 
through the amino group. 

TABLE 1 


The effect of varying amounts of dtric acid on the development of oxidk'ed flavor 
in buffered washed cream containing mg. per liter of 
ascorbic acid and 1.0 ppm. copper 





Date 




8/19/43 

8/20/42 

8/21/42 

1/9/43 

1/12/43 

1/15/43 

€ontrol 

ox 

ox 

ox 1 

ox 

ox 

ox 

Washed cream, 
plus citric acid 
0.05% 



ox 




0.1% 

ox 

ox 

ox 




0.2% 


si. ox 

si. ox 

ox 

ox 

si. ox 

0.3% 



? 




0.4% i 



_ 




0.5% 

— * 

? 

— 

— * 

sL ox 


0.6% 








0.7% 


1 — 





0.8% 

1 






0.9% 

. — ■55- 


1 




1.0% 





- 



Meaning of symbols: bitter from citrate; ox oxidized flavor; - no oxidized flavor. 
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TABLE 2 

The effect of citric acid on the development of oxidized flavor in snsceptihle 
milTc contaminated with 1.0 ppm. copper 



Bate 


1/8/43 

1/14/43 

1/18/43 

1/19/43 

1/20/43 

Control 

ox* 

ox 

OX 

ox 

ox 

Milk plus citric acid 0.02 M. ; 



- 

- 

— 


* Eor meaning of symbols, see table 1, footnote. 


Since citric acid has been shown to have a protective action against the 
oxidation of ascorbic acid by the copper ion it seemed desirable to determine 
its effect on the development of oxidized flavor in washed cream and milk. 
Accordingly, samples of washed cream were prepared and tested according 
to the method of Olson and Brown (4). The results of these experiments 

TABLE 3 

The effect of adding alanine and glycine on the susceptibility of washed cream oontainmg 
4i mg. per liter of ascorbic acid and 1.0 ppm. copper to the 
development of oxidized flavor 



Bate 

12/31/42 

1/9/43 

1/12/43 

1/15/43 

1/19/43 

Control 

ox* 

ox 

ox 

ox 

ox 

Cone, of alanine 






0.02 M 

ox 

ox 

si. ox 

si. ox 

ox 

0.05 M 

si. ox 

si. ox 

si. ox 1 

— 

si. ox 

0.10 M 


f 

— 


V. si. ox 

Cone, of glycine 






0.02 M 

ox 

ox 

ox 

si. ox 

si. ox 

0.05 M 

si. ox 

si. ox 

sL ox 

si. ox 

! 

0.10 M 



? 

V. si. ox 


- 


* For meaning of symbols, see table 1, footnote. 


are shown in tables 1 and 2. These results confirm the finding that citric 
acid has an inhibitory effect on the development of oxidized flavor by 
ascorbic acid. 

Likewise, the effect of alanine and glycine was studied on both washed 
cream and milk. These results are shown in tables 3 and 4. 

TABLE 4 


The effect of adding alanine and glycine on the susceptibility of milk containing 1.0 ppm. 
of added copper to the development of oxidized flavor 



Bate 

1/8/43 

1/14/43 

1/18/43 

1/19/43 

1/20/43 

Control 

ox* 

ox 

ox 

1 

ox 

ox 

Cone, of alanine , 






0.02 M 1 

- 





0.05 M 1 

— 





Cone, of glycine 





1 ......... 

0.02 M i 


1 

— 


— 

0.05 M ! 


- 

- 

- I 

- 


* For meaning of symbols, see table 1, footnote. 
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HerCj likewise, both alanine and glycine are found to have an inhibitory 
action on the development of oxidized flavor. This inhibitory action was 
not as strong as in the ease of the citric acid. 

DISCUSSION OF RESULTS 

These results indicate that the development of oxidized flavor in milk 
is closely associated with the ionization of copper and its destruction of 
ascorbic acid. Apparently anything which decreases the ionization of cop- 
per will in turn retard the destruction of ascorbic acid and in this manner 
tend to retard oxidized flavor development. As a result of these findings, 
it seems that many individual factors may have a bearing on the suscepti- 
bility or nonsusceptibility of milk to the development of oxidized flavor. 

CONCLUSIONS 

1. Ascorbic acid forms either a complex or a direct compound with cop- 
per ions. 

2. The protective action of citric acid on the oxidizing action of copper 
ions with ascorbic acid is due to the formation of a copper complex with 
citric acid thus removing copper ions from the reaction. 

3. Through the indirect evidence of inhibition of ascorbic acid destruc- 
tion with copper ions, it is shown that the amino acids — glycine, glutamic 
acid, and alanine — are equally effective in forming complex ions. With the 
evidence that j3-alanine forms a very weak complex, this shows that the 
amino acids form copper complexes through the free amino group. 
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OXIDIZED FLAVOR IN MILK. XIY. A POSSIBLE MODE OF 
ACTION OP INHIBITORS IN PREVENTING THE DEVELOP-- 
MENT OP OXIDIZED FLAVOR IN MILK* 


J^LOYD G. OLSONi ahd W. CAKSON BEOWN 2 
West Virginia Agricultural Experiment Station, Morgantown, West Virginia 
Eeceived for publication August 5, 1943. 

Various substances have been found to inhibit the formation of oxidized 
flavor in milk. Dahle and Palmer (5) found that excess ascorbic acid pro- 
tects against oxidized flavor. Anderson (1) reported that a pancreatic 
enzyme added to milk just before pasteurization protects the milk against 
oxidized flavor. Corbett and Tracy (4) found that both tyrosine and the 
butyl ester of tyrosine prevented the flavor, and that ^^Bnzylac’’ and Avenex 
gave protection. Even ordinary raw sugar gave some protection. Wil- 
liams and Burgwald (16) found that carotene did not protect, but that 
mixed tocopherols gave a protection. Garrett (7) found that divalent man- 
ganese protected milk against oxidized flavor. Archibald (2) fed an ounce 
of manganese sulphate daily to cows and analyzed the milk. The manganese 
content of the milk was doubled, but even this amount was not sufficient 
manganese to prevent oxidized flavor. Brown and Olson (3) found that 
potassium iodide added directly to the milk protected against oxidized flavor. 

During the summer of 1942 the authors attempted to isolate the active 
inhibitor in summer milk. The casein was precipitated at the isoelectric 
point. This was made into calcium caseinate by the method of Palmer (13) . 
The calcium caseinate, whey, and sterilized whey, were then tested on washed 
cream according to the method of Olson and Brown (12). In most cases 
the oxidized flavor was prevented. In addition lactose was tried and found 
to inhibit oxidized flavor. Thus it was found that a number of naturally 
occurring substances in milk inhibit oxidized flavor. 

Brown and Olson (3) proposed a chemical theory for the development 
of oxidized flavor in milk. This theory postulated that cupric copper oxi- 
dizes the ascorbic acid in milk to dehydroascorbic acid with the production 
of copper in the cuprous state of ionization. The cuprous copper is then 
oxidized back to the cupric form by dissolved oxygen with the production 
of hydrogen peroxide. The hydrogen peroxide in turn oxidizes the phos- 
pholipides in milk to give the oxidized flavor. 

The purpose of this paper was to study the natural inhibitors in milk as 
well as the inhibitors proposed by other workers in order to test this theory 
* Publisbed with tbe approval of the Director of the West Yirgirda Agrievltural Ex- 
periment Station as Scientific Paper No. 310, 

3- Formerly Department of Agricultural Chemistry, now Division of Agricultural 
Biochemistry, Dniversity Farm, St. Paul, Minnesota. 

2 Department of Dairy Husbandry. 
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of oxidized flavor development. To test this the inhibitors were tried again 
on milk and wherever po>ssible on washed cream to be sure that a preventive 
for oxidized flavor was actually present. A chemical explanation was then 
attempted for the inhibiting action. 

Eeferring again to the theory of the development of oxidized flavor, it 
is readily seen that it can be prevented (I) by removal of copper ions so 
that the ascorbic acid is not oxidized. A class of inhibitors in this group 
are those that form complex ions with copper thus reducing the copper ions 
in solution. A second class (II) would include substances that are them- 
selves oxidized by hydrogen peroxide before the hydrogen peroxide oxidizes 
the phospholipides of milk. Because of a lack of knowledge of the chemistry 
involved, a third class (III) must be added to include substances that inhibit 
oxidized flavor but for which the mechanism is not understood. 

EXPERIMENTAL RESULTS 

I. The first class of inhibiting substances in which the ionization of cop- 
per is repressed is typical of salts of citric acid and amino acids as cited 
by Olson and Brown (11). They found that hydroxy organic acids form 
a complex with copper which inhibits the ionization. This in turn inhibits 
the oxidation of ascorbic acid and consequently the oxidized flavor forma- 
tion. The effect of amino acids was tried in order to gain an insight into 
the action of proteins. From the results with amino acids it is seen that the 
inhibiting effect of proteins would be caused by the free amino and carboxyl 
groups of the proteins. 

Casein. Calcium caseinate, made according to the method of Palmer 
(13), was tried as an inhibitor on washed cream according to the method of 
Olson and Brown (12). The results are shown in table 1. These results 
show that calcium caseinate in a three per cent solution protects washed 
cream against oxidized flavor. In two cases oxidized flavor was inhibited 
by a percentage lower than the casein content of milk. This would indicate 
that in the preparation of tlie calcium caseinate, it was partly hydrolyzed 
and the liberated free amino groups inhibited the oxidized flavor. 

Proteolytic emymes. Since ^^Enzylac’’ includes a proteolytic enzyme, 
the inhibiting effect of this product may be due to a partial hydrolysis of 
milk proteins which liberate free amino groups to form complex ions with 
copper. That '^Bnzylac’^ does protect milk against oxidized flavor is shown 
in table 2 where the enzyme was added according to the directions of the 
manufacturer. 

Ascorbic acid. Another substance belonging to this class is ascorbic acid, 
as shown by the results of Olson and Brown (11). The presence of excess 
ascorbic acid prevents the ionization of copper probably through the forma- 
tion of a copper compound. In this manner the ascorbic acid differs from 
the amino acids which form complexes as indicated by decreased ionization 
of copper with increased eoneentration of the amino acids. 
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TABLE 1 


The efect of various conceRtrations of calcium caseinate on the susceptibility of washed 
cream containing 42 mg. /liter of ascorbic acid to oxidized flavor 


Date 

. Control 

Waslied cream 
ppm, Cu 

3% ealeinm caseinate 
plus ppm. Gu 

2% calcium 
caseinate 
plus 

1.0 ppm. Cu 

1% ealeium 
caseinate 
plus 

1.0 ppm. Cu 

0.0 

0.5 

1.0 

1.5 

0.0 0.5 1.0 

1.5 

7/30/42 

ox^ 

ox 

ox 

ox 

— _ _ 

__ 



8/12/42 

si. ox 

ox 

ox 

ox 

~ - si. ox 

ox 



8/14/42 

ox 

ox 

ox 

ox 

- _ _ 

- 



12/30/42 

ox 

ox 

ox 

ox 

si. ox 


si. ox ! 

si. ox 

1/15/43 

1 ox 

ox 

ox 

ox 

— 


— 

- 

1/19/43 

ox 

ox 

ox 

ox 

- 


- i 

- 


* Meaning of symbols: ox, oxidized flavor; no oxidized flavor. 


II. The second class of substances includes those which inhibit oxidized 
flavor by the substances themselves being oxidized by hydrogen peroxide 
such that the phospholipides of mihi are not oxidized. Lactose, avenex,, 
potassium iodide, and manganese showed very little or no protection of 
ascorbic acid against oxidation when tried according to the method used 
by Olson and Brown (11) and therefore do not form complexes with copper. 
Tyrosine showed a veiy slight effect in 0.5 per cent suspension but no more 
than could be attributed to the small amount of amino acid present in 
solution. 

Tyrosine. The effect of tyrosine as an inhibitor of oxidized flavor both 
with washed cream and milk is shown in table 3. The results show that 0.1 
gram of tyrosine per half pint inhibits oxidized flavor in both milk and 
washed cream although it may hot entirely eliminate the flavor. Since 
tyrosine is quite insoluble, no higher concentration could be tried. The 
action of tyrosine as an inhibitor is explained by Mystkowski (10) . He has 
shown that tyrosine added to a solution of ascorbic acid and copper inhibits 
oxygen evolution and the tyrosine changes to a reddish brown color corre- 
sponding to quinone products of tyrosine oxidation. Thus it is seen that 
tyrosine inhibits oxidized flavor in milk by removing the hydrogen peroxide 


TABLE 2 

The effect of “ Enzylac^ ^ as an inhibitor of oxidised flavor on susceptihle mills 


Date 

Control milk 

Milk 4- ‘ ‘ Enzylae ’ ’ 

ppm. Cu ^ 

ppm. Cu 

0.0 0.5 1.0 1.5 

0.0 0.5 1.0 1.5 

1/11/43 

1/14/43 

1/19/43 

1/20/43 

- ox ox ox 

~ ox ox ox 

- ox ox ox 

- - ox ox 

----- 


Eor meaning of symbols, see table 1, footnote. 
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formed in tlie ascorbic acid oxidation. AYenex, being a natural product 
mixtnrCj might contain some qninone type compound which could prevent 
oxidized flavor similar to tyrosine. 

Manganese. It would seem to be very strange that divalent manganese 
would be an inhibitor of oxidized flavor. However, the results in table 4 
show that manganese in sufficient quantities definitely prevents oxidized 
flavor in milk. The following explanation seems possible. When sodium 
hydroxide is added to a divalent manganese salt a light tan precipitate im- 
mediately forms. On exposure to air for a few minutes the top of the pre- 
cipitate turns black with the formation of MnO(OH )2 due to oxidation by 
atmospheric oxygen. Similarly if a manganese salt is added to a citrate 
buffer at a pH of 6. 5-7.0, a very light-colored solution results. On standing 

TABLE 3 


The effect of the addition of 0,1 gram of tyrosine per half -pint on the development 
of oxidized flavor in milk and washed cream 



MUk 

Washed cream (buffered) 


Date 

Control 

Milk + 0.1 gr. 
tyrosine 

Control 

Washed 
cream + tyrosine 

Tyrosine 


ppm. Oil 

ppm. Cu 

1.0 ppm. Cu 

Plus 42 mg./l. 
ascorbic acid 
1.0 ppm. Cu 


0.0 0.5 1.0 1.5 

0.0 0.5 1.0 1.5 


12/31/42 
1/ 8/43 

~ OX ox ox 

T 

ox 

ox 

0.01 M 

1/12/43 

1/14/43 

- ox ox ox 

- - - si. ox 

ox 

ox 

0.1 gr. 

1/15/43 

1/18/43 

1/19/43 

1/20/43 

- — ox ox 

- - ox ox 

- ~ ox ox 

----- 

ox 


0.1 gr. 


* Eor meaning of symbols, see table 1, footnote. 


in the air this gradually becomes a dark brown, indicating oxidation by 
atmospheric oxygen. Thus manganese either protects milk from oxidized 
flavor by absorbing the hydrogen peroxide in the ascorbic acid oxidation 
process, or it may even absorb the dissolved oxygen in the milk thus pre- 
venting the oxidation of the copper to form hydrogen peroxide. 

Sugars. Lactose shows some inhibition of oxidized flavor as is seen in 
table 5. Since lactose does not form a complex ion with copper, the only 
possible explanation for this effect is that the potentially free aldehyde 
group in lactose is oxidized by hydrogen peroxide. To test this further, 
sucrose was tried on washed cream. Sucrose does not have a potential alde- 
hyde group and it did not inhibit oxidized flavor. Glucose on the other hand 
is a simple sugar with a potential aldehyde group. As shown in table 6, 
glucose did tend to prevent oxidized flavor. That glucose is capable of being 
oxidized by hydrogen peroxide was shown by Witzemann (17) who found 
that glucose could be completely oxidized to carbon dioxide and water by 
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TABLE 4 


The effect of various concentrations of manganese on the susceptibility to oxidised flavor 
of millc and washed cream contaminated with copper 



Milk 


Gontrol + Cu 

Control + 1.5 ppm. Cu -f- Mn 


ppm. Cu 

ppm. Mn 


0.0 0.5 1.0 1,5 

0 1 2 3 4 5 

1/ 8/43 
1/14/43 
1/18/43 
1/19/43 
1/20/43 

OS ox ox 

- ox ox ox 

- si. ox si. ox ox 

~ - ox ox 

- ~ ox ox 

ox ~ “ 

ox ox - ~ 

ox - - - 

ox ox - - 

1 ox - — - ■ 


Wasbed cream (buffered) containing added ascorbic acid, 42 mg./l. 



Control + 1.0 ppm. Cu + Mn 



ppm. Mn 



0 1 2 3 4 5 

1/ 8/43 
1/12/43 
1/15/43 


ox ox ox si. ox 

ox ox ox si. ox V. si. os 

ox ox si. ox - . — - 


* For meaning of symbols, see table 1, footnote. 


hydrogen peroxide in the presence of disodium phosphate in a pH range of 
5.9 to 7.35. If this is the ease, it would seem to be easy for the small amount 

TABLE 5 

The effect of added lactose on the susceptibility of oxidised flavor in milk 
and washed cream 


Late 


1/ 8/43 
1/14/43 
1/18/43 
1/19/43 
1/20/43 


8/20/42 
8/21/42 
1/ 9/43 
1/12/43 
1/15/43 
1/19/43 

* For meaning of symbols, see table 1, footnote. 
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of liydrogen pei'oxide formed in tlie oxidation of aseorbic acid in milk to be 
used to oxidize glucose or lactose and thus protect from oxidized flavor. 
That the lactose in milk does not entirely prevent oxidized flavor would be 
due to botli oxidation processes going on at the same time. 

The protection from oxidized flavor by tocopherols as found by "Williains 
and Burgwald (16) would be included in this second class of inhibitors also. 
The tocopherols have a hydroquinone type of structure and are very easily 
oxidized. The problem as an antioxidant for milk would be to get the toco- 
pherolSj which are oil soluble, into a sufficiently fine emulsion to give enough 
surface for antioxidant properties. 

TABLE 6 


The effect of glucose on the susceptibility of millc and washed cream to oxidized, flavor 



Couti'ol milk 

MUk + 0.5% 
Glucose 

Milk + 1.0% 
Glucose 

Milk + 2.0% 
Glucose 

Bate 

ppm. Ou 

ppm. Cu 

ppm. Cu 

ppm. Cu 


0.0 0.5 1.0 1.5 

0.0 0.5 1.0 1.5 

0.0 0.5 1.0 1.5 

0.0 0.5 1.0 1.5 

1/18/43 

1/19/43 

1/20/43 

- ox ox 

- - ox ox 

~ - ox ox 

1 - - - ox 

_ _ _ ? 

- - “ OX 

^ ^ ^ ^ 


Wasted cream + 
42 mg./l. asc. 
acid 

No glucose 

Wasted cream + 
42 mg./l. asc. 
acid 

2§% glucose 

Wasted cream + 
42 mg./l. asc. 
acid 

5% glucose 



ppm. Cu 

1.0 ppm. Ou 

1.0 ppm. Cu 



0.0 0.5 1.0 1.5 


1/19/43 

ox ox ox ox 

si. ox 

si. ox 



* For meaning of symbols, see table 1, footnote . 


Ill connection with this second class of inhibitors, there is also a possi- 
bility that an inhibitor may directly oxidize aseorbic acid and thus eliminate 
the oxidation step by copper. In this way hydrogen jieroxide would not be 
formed and no oxidized flavor in milk would develop. Heard and Welch 
(8) have found such a system in effect in the adrenal glands. They found 
that the ascorbic acid directly reduced oxidized adrenaline, forming reduced 
adrenaline and dehydro-ascorbie acid. 

III. A miscellaneous class of inhibitors, which includes those that do 
not fit well into either group one of group two, should also be considered. 
In this group are the halides. Brown and Olson (3) found that potassium 
iodide inhibited oxidized flavor to some extent. Mapson (9) found that the 
halides — iodides, bromides, and chlorides — showed a protective action on 
aseorbic acid at pH 2.5 but very little at pH 6 to 7. Mystkowski (10) found 
.good inhibition by sodium chloride in concentrations of 4 per cent to 10 per 
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cent even at pH 7. This may explain why salted cream used for butter 
does not develop oxidized flavor. The mechanism of this protective action 
of the halides is not known. Mapson (9) has postulated a complex ion of the 
halide with copper. However, the authors were unable to show any dimin- 
ishing of the ionization of copper in a solution of potassium iodide, using the 
method of Olson and Brown (11). 

Substances that prevent oxidized flavor by themselves being oxidized by 
the hydrogen peroxide are of interest. These substances in order to be 
effective must have an oxidation-reduction potential such that they will be 
oxidized before the phospholipides. Tyrosine has such an action, but 
(tyrosine) is not sufficiently soluble in milk to completely prevent the devel- 
opment of oxidized flavor. Divalent manganese, as was found by Garrett 
(7), inhibited oxidized flavor. An explanation of this is the oxidation of 
manganous ions to manganic, ions by the hydrogen peroxide. That lactose 
could inhibit oxidized flavor would seem unlikely but the oxidation of the 
aldehyde group of the sugar and even further oxidation has been shown 
by Witzemann (17) with glucose. 

Since the proteins, citrates, and lactose in milk all have an inhibiting 
effect on oxidized flavor, it is natural to expect that an increase in any or all 
of these substances would show an inhibiting effect on winter milk. The 
work of Russell and Dahle (15) in which added milk solids in the form of 
condensed milk or dried milk inhibited oxidized flavor development, may 
be explained on this basis. However, since the condensed milk and dried 
skimmilk may have been subjected to a sufficiently high temperature to 
liberate sulfhj'dryl groups, these also might explain the inhibiting action. 

DISCUSSION 

The results show that a number of substances normally occurring in milk 
act as inhibitors. These substances — ^proteins, citrates, and lactose — are 
present in about the same amount in both summer and winter milk. They 
show a definite inhibiting action on washed cream. The proteins, particu- 
larly, as well as the citrates, to a smaller extent, inhibit by forming com- 
plexes with copper, thus removing the copper ions from the reaction. These 
complexes are formed by the free amino and carboxyl groups of the proteins 
similar to amino acids. Peterson and Walton (14) have found that various 
amino acids as well as uric acid inhibit the oxidation of ascorbic acid with 
copper by forming ions with copper. That it was a complex of copper was 
shown by the fact that the normal autoxidation of ascorbic acid was not 
inhibited by the amino acids in the absence of copper. They found that 
10“* M cystine was the best inhibitor. Diehl (6) has included a theoretical 
discussion of copper complexes of amino acids and hydroxy acids through the 
coordinating groups so as to form chelate rings. These complexes prevented 
the ionization of copper. 
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Since proteins inhibit oxidized flavor b}^ the formation of complexes with 
copper through the free amino and carboxyl groups, any proteolytic enzyme 
that splits the protein to give more free reactive groups would show a further 
inhibiting action. This is true of “Bnzylae.^^ That the inhibiting effect 
is not due to the preparation itself is shown by the fact that it does not 
inhibit oxidized flavor in washed cream. 

The search for a special inhibitor present in milk from cows on pasture 
is complicated by the fact that the normal constituents of milk have an in- 
hibitory action. Such a special inhibitor is entirely possible. However, the 
results showing that citrates, proteins, and lactose have an inhibitory effect 
on milk might indicate that the tendency to form oxidized flavor is balanced 
by these natural inhibitors. Although Brown and Olson (3) found that 
W'ashed cream containing ascorbic acid and contaminated with copper gives 
oxidized flavor on pasture milk, the amount of oxidized flavor seemed to be 
less than that produced on winter milk. This suggests that the phospho- 
lipides in winter milk may be more unsaturated than in summer milk. One 
of the authors has started work on this consideration. 

SUMMARY 

A possible explanation for various inhibitors for oxidized flavor is pre- 
sented. One class of substances which includes proteins, citrates, and amino 
acids inhibits by forming complex ions with copper, thus repressing its 
ionization. 

Tyrosine, divalent manganese, lactose, and glucose inhibit oxidized flavor 
by being oxidized by hydrogen peroxide, thus protecting the phospholipides 
of milk. 
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THE EFFECT OP MACHINE MILKING UPON THE LEUCOCYTE 
COUNT AND THE, CHLORIDE' CONTENT OP MILK 

J. FRAKK COA’E 

Divisionh of Market-MiTk Investigations, Bureau of Dairy Industry, AgriouJtiiral 
Meseareh Admmistmtion, U. S. Department of Agriculture 

INTRODUCTION" 

In an earlier paper (2) it was sliown that the leucocyte count and the 
chloride content of milk are not reliable indices of udder infection. Indi- 
vidual differences between cows with respect to these two tests and differ- 
ences in results caused by factors other than infection frequently are greater 
than the changes that occur when the udder becomes infected. Any factor 
that causes udder irritation doubtless will cause a rise in the leucocyte and 
chloride values. 

The extent to which machine milking may influence leucocyte counts and 
chloride determinations, or other mastitis tests that reflect udder irritation, 
such as pH and catalase tests, is not clear. Muneh-Petei'sen (4) reviewed 
the literature on mastitis and found opinion about equally divided with 
respect to milking machines as a factor contributing to mastitis. Dahlberg 
(1) found that leaving machines on the cows too long contributed to udder 
troubles and resulted in a drop in production early in the lactation period. 
He presented data indicating that reducing to 4 or 5 minutes the time inter- 
val that the machines were left on the cows wns accompanied by a drop in 
the leucocyte count of the mixed herd milk. Hueker (3) reported that the 
leucocyte count of milk from machine-milked cows was higher than that of 
milk from hand-millied cows. In his machine-milked group there was a 
higher incidence of streptoeoecic infections than in his hand-milked group, 
a factor which probably exaggerated the difference he found between the 
two groups with respect to leucocyte counts. 

In studies on the effects of milking machines on tests for mastitis there 
has not to the author’s knowledge been any report which deals separately 
with infected and uninfected cows. If milking machines cause irritation 
which predisposes the udder to infection, one should expect detectable in- 
creases in the leucocyte count and chloride content of the milk when a cow 
is on machine milking as compared with values found for the same cow when 
she is on hand milking. On the other hand, if the machine is only a fomite 
spreading the infection without itself predisposing the udder to the infection, 
high leucocyte counts and chloride values would be found in the milk of 
machine-milked cows because of the high incidence of infection and not 
directly as a result of injury caused by the machines. The purpose of this 
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paper is to report a stiidj" in whicli the effects of Biachine milking on cows 
are considered separately for infected and nninfeeted quarters. 

METHODS 

Tlie data presented in tins report were collected during the period from 
1936 to 1942 in an investigation on mastitis in the Bureau of Dairy Industry 
herd at Beltsville, Maryland. The plan of the investigation was to begin 
with nninfeeted first calf heifers and continue them on the experiment as 
long as they remained in the herd. At intervals of 2 to 4 weeks individual 
quarter samples of the foremilk were taken from each cow and examined in 
the laboratory. 

The examination consisted of the Hotis test, plating on Edwards aesculin 
crystal violet blood agar, a direct microscopic count of leucocytes and direct 
titration of chlorides with silver nitrate and a potassium chromate indicator. 
When there were abnormalities that could not be explained by the results 
on the Hotis test and by plating on the highly selective Edwards medium, 
the samples were plated in addition on standard tryptone glucose meat 
extract milk agar. Kepresentative colonies were picked from the plates into 
meat infusion broth for identification of the organisms. 

The herd at Beltsviile is maintained primarily for experiments on feed- 
ing, breeding, and management. Changes from hand milking to machine 
milking or vice versa were made from time to time either in the interests of 
production records or for convenience in management. Usually when an 
animal was put on either hand or machine milking at the beginning of the 
lactation period, she remained on the same method of milking for the entire 
period. Occasionally, however, a change from one method of milking to the 
other was made during the lactation period. Under these circumstances it 
was possible to obtain data on 31 different cows that were on both methods 
of milking during the course of the investigation. For a few cows the data 
for a given method of milking extend over only parts of lactation periods, 
but for most of the cows one or more lactation periods were covered with 
each method of milking. 

The data on the leucocyte counts and the chloride content for the differ- 
ent quarters have been divided into groups not only on the basis of the 
presence or absence of infection as determined by cultural tests, but also on 
the basis of the stage of lactation. For this purpose the lactation periods 
were divided into intervals of three months each. The data were also sum- 
marized for the entire lactation period. 

THE EFFECT OP THE METHOD OP MILKING ON UNINFECTED QUARTERS 

Table 1 shows the results obtained from the samples from the uninfected 
quarters of 27 cows. Of a total of 2,883 samples considered in this table, 
1,571 were obtained while the cows were on hand milking and 1,312 while 
the cows were on machine milking. 



content of milh from iminfected quarters 



First 3 months of lactation 

Cow No. 

Hand* 

Machine* 


Samples 

Average 

chlorides 

Average 

leneoeyfes 

Samples 

Average 

chlorides 

Average 

leucocytes 


nwm'ber 

per cent 

thousands 

mimher 

per cent 

thousands 

820 

18 

0.107 

29 

12 

0.119 j 

104 

1235 

6 

0.128 

82 

15 

0.186 

804 

1247 




16 

0.108 ; 

36 

1265 ! 




20 

0.099 

26 

1268 

24 

0.122 

54 

24 

0.138 

426 

1269 

13 

0.110 

287 

35 

0,113 

269 

1273 

24 

0.127 

72 

20 

0.118 

323 

1274 

20 

0.111 

31 

14 

0.102 

235 

1275 

12 

0.120 

122 

27 

0.185 

892 

1278 

16 

0.124 

52 

10 

0.111 

310 

1279 

20 

0.103 

44 

13 

0.101 

138 

1282 

32 

0.105 

24 

24 

0.130 

488 

1294 

21 

0.120 

174 




1298 

12 

0.111 

48 

28 

0.128 

119 

1418 




12 

0.114 

459 

1434 

33 

0.120 

77 




1441 




4 

0.109 

122 

1445 

16 

0.094 

26 

47 

0.090 

188 

1472 

10 

0,101 

34 

18 

0.096 

187 

1473 

10 

0.088 

22 

32 

0.110 

917 

1474 

24 

0,106 

64 

32 

0.104 

177 

1476 

16 

0.116 

159 

19 

0.104 

1004 

1478 




9 

0.097 

302 

1483 

12 

0.110 

116 




1488 

15 

0.089 

23 

21 

0.099 

372 

1489 

8 

0.086 

20 





1490 

14 

0.090 

229 

21 

0.094 

90 

Total or 







average! 

376 

0.110 

78 

473 

0.116 

365 


3 to 6 months in lacation 

820 

15 

0.117 

20 

, 15 

0.132 

257 

1235 

15 

0.125 

50 

9 

0.161 

1051 

1247 

3 

0.111 

103 

13 

0.107 

116 

1265 




24 

0.106 

99 

1268 

40 

0.116 

94 




1269 1 

15 

0.102 

200 

28 

0.117 

186 

1273 

20 

0.119 

91 

24 

0.132 

145 

1274 

16 

0.114 

75 

28 

0.106 

170 

1275 

20 

0.130 

112 

4 

0.189 

1402 

1278 

4 

0.117 

18 

22 

0.139 

103 

1279 




IS 

0.102 

128 

1282 

40 

0.113 

25 

16 

0.143 

605 

1294 

34 

0.119 

88 

12 

0.120 

369 

1298 




24 

0.130 

106 

1418 







1434 

15 

0.122 

36 

12 

0.127 

30 

1441 




24 

0.116 

339 

1445 

22 

0.105 

44 

37 

0.095 

45 

1472 

10 

0.103 

65 




1473 

10 

0.091 

36 

16 

0.110 

408 

1474 

20 

0.116 

306 

36 

0.119 

637 

1476 

23 

0.108 

142 




1478 




22 

0.101 

151 

1483 

20 

0.102 

31 

7 

0.109 

54 

1488 

16 

0.096 

23 

8 

0.091 

169 

1489 

8 

0.093 

27 

2 

0.109 

36 

1490 




18 

0.101 

318 

Total or 







average! 

366 

0.113 

83 

419 

0.117 

258 



T Ai3ijJiJ 1 — ( Contmuea) 



6 to 9 moatlis in lactation 

Cow JSTo. 

Hand-^ 

Machine* 


Samples 

Average 

chlorides 

Average 

leneocytes 

Sam^des 

Average 

chlorides 

Average 

leucocytes 


nurtiber 

per cent 

thousands 

mi niter 

per cent 

thousands 

820 

12 

0.126 

54 

9 

0.186 

383 

1235 

12 

0.119 

51 

o 

0.213 

1505 

1247 

3 

0.110 

85 

8 

0.125 

109 

1265 

14 

0.134 

190 

4 

0.121 

45 

1268 

36 

0.133 

184 




1269 

15 

0.109 

31 

9 

0.128 

51 

1273 

20 

0.137 

149 

16 

0.162 

351 

1274 

32 

0.112 

60 

4 . 

0.127 

471 

1275 

20 

0.161 

346 




1278 




16 

0.159 

385 

1279 




24 

0.106 

191 

1282 

40 

0.119 

20 

4 

0.240 

2292 

1294 

6 

0.111 

76 

8 

0.136 

439 

1298 

12 

0.113 

23 

16 

0.155 

477 

1418 




4 

0.097 

429 

1434 

23 

0.142 

156 

26 

0.139 

116 

1441 

9 

0.106 

73 

4 

0.128 

571 

1445 

14 

0.112 

92 

19 

0.124 

159 

1472 

12 

0.101 

27 

4 

0.110 

95 

1473 

10 

0.105 

388 

8 

0.112 

365 

1474 

20 

0.123 

208 

25 

0.141 

991 

1476 

30 

0.107 

116 




1478 




20 

0.107 

148 

1483 

16 

0.107 

69 

12 

0.124 

165 

1488 

22 

0.102 

44 




1489 

6 

0.102 

18 

8 

0.107 

36 

1490 




6 

0.123 

289 

Total or 







aTeraget 

384 

0.120 

115 

256 

0.134 

352 


9 to 12 months in lactation 

820 

21 

0.139 

409 

6 


317 

1235 

19 

0.161 

235 


I 0.167 


1247 

20 

0.129 

761 




1265 

20 

0.145 

53 





1268 

24 

0.149 

571 




1269 

18 

0.122 

54 

5 

0.121 

265 

1273 

24 

0.165 

165 

31 

0.270 

4518 

1274 

38 

0.113 

47 




1275 

12 

0.190 

676 




1278 







1279 




16 

0.141 

809 

1282 

36 

0.139 

81 




1294 







1298 

24 

0.119 

22 




1418 

16 

0.099 

61 

3 

0.108 

103 

1434 

3 

0.135 

151 

29 

0.149 

361 

1441 






1445 

17 

0.109 

188 

2 

0.177 

1748 

1472 

8 

0.107 

36 

7 

0.107 

39 

1473 

10 

0.104 

45 

5 

0.095 

40 

1474 

20 

0.122 

161 

8 

0.183 

1280 

1476 

30 

0.115 

105 



1478 

8 

0.104 

52 

16 

0.126 

257 

1483 

12 

0.119 

104 

12 

0.130 

218 

1488 

14 

0:106 

97 



1489 

10 

0.116 

18 

8 

0.110 

38 

1490 

16 

0.100 

20 



Total or 







average! 

420 

0.128 

150 

128 

0.148 

643 



TABLE 1 — {Continued) 


Cow No. 

More than 12 months in lactation 

Hand* j 

Machine* 

Samples 

jlverage 

chlorides 

Average 

leucocytes 

Samples 

Average 

chlorides 

Average 

leucocytes 


number 

per cent 

thousands 

number 

per cent 

thousands 

820 




15 

0.178 

1204 

1235 


1 





1247 

. 



8 

0.177 

859 

1265 




1 



1268 







1269 

21 

0.157 

451 




1273 







1274 







1275 







1278 







1279 







1282 







1294 







1298 







1418 







1434 







1441 







1445 







1472 




9 

0.142 

328 

1473 







1474 







1476 







1478 







1483 


1 

j 

1 



1488 



i 




1489 



! 




1490 

4 

i 0.098 

I 18 

4 

0.104 

435 

Total or 







average t 

25 

0.147 

j 382 

! 36 

i 

0.163 

823 


Summary for entire period 

820 

1 66 

0.123 

153 ! 

57 

0.153 

500 

1235 1 

52 

0.137 

121 

26 

0.180 

885 

1247 

26 I 

0,125 

80 

45 

0.122 

218 

1265 

34 

0.140 

110 

48 

0.104 

64 

1268 

124 

0.129 

205 

24 

0.138 

426 

1269 

82 

0.123 

215 

77 

0.117 

213 

1273 

88 

0.138 

119 

71 

0.156 

700 

1274 

106 

0.112 

52 

46 

0.106 

216 

1275 

64 

0.148 

293 

31 

0.186 

958 

1278 

. 20 

0.122 

45 

48 

0.140 

240 

1279 

20 

0.103 

44 

71 

0.112 

305 

1282 

148 

0.119 

37 

44 

0.145 

695 

1294 

61 

0.119 

117 

20 

0.126 

397 

1298 

48 

0.116 

29 

68 

0.135 

199 

1418 

16 

0.099 

61 

19 

0.110 

397 

1434 

74 

0.128 

96 

67 

0.141 

206 

1441 

9 

0.106 

73 

32 

0.117 

341 

1445 

69 

0.105 

85 

105 

0.101 

163 

1472 

40 

0.103 

40 

38 

0.110 

184 

1473 

40 

0.097 

123 

61 

0.109 

639 

1474 

84 

0.116 

179 

101 

0.125 

630 

1476 

99 

0.111 

126 

19 

0.104 

1004 

1478 

8 

0.104 

- 52 

67 

0.108 

196 

1483 

60 

0.108 

73 

31 

0.123 

160 

1488 

67 

0.098 

45 

29 

0.097 

316 

1489 

32 

0.100 

21 

18 

0.108 

37 

1490 

34 

0.096 

106 

49 

0.103 

225 

Total or 







average! 

1571 

0.118 

112 

1312 

0.124 

■ 368 
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The figures at the bottom of table 1, giving average results for all of the 
eows in this group, show that in every stage of lactation machine milking 
resulted in higher leucocyte counts and chloride values than did hand milk- 

TABLE 2 


The effect of machine mincing versus hand mincing on the leucocyte count and chloride 
content of milk from infected quarters 


Cow No. 

Infecting 

organism 

First 3 months of lactation 

Hand"^ 

Machine* 

Sam- 

ples 

Average 

chlo- 

rides 

Average 

leuco- 

cytes 

Sam- 

ples 

Average 

chlo- 

rides 

Average 

leuco- 

cytes 



num- 

per 

thou- 

mm- 

per 

thou- 



her 

cent 

sands 

her 

cent 

sands 

840 

Streptococcus 

15 

0.168 

2931 

9 

0.169 

4331 

859 

Streptococcus 




8 

0.175 

4984 

882 

Streptococcus 

12 

0.182 

5823 




1235 

Streptococcus 

5 

0.150 

5730 

13 

0.235 

5083 

1269 

Ps, aeruginosa 

7 

0.118 

3375 

4 

0.148 

3822 

1445 

Streptococcus 

11 

0.114 

2288 

11 

0.138 

4290 

1472 

Streptococcus 

10 

0.121 

573 

6 

0.116 

1692 

1473 

Ps. aeruginosa 

10 

0.122 

1230 

11 

0.178 

9355 

1479 

Ps. aeruginosa 

8 

0.093 

1860 




Total or 








average! 


78 

0.137 

2874 

62 

0.173 

5169 



3 to 6 months in lactation 

840 

Streptococcus 

6 

0.175 

1901 

21 

0.171 

2895 

859 

Streptococcus 

2 

0.211 

5140 

14 

1 0.180 

5668 

882 

Streptococcus 

6 

0.176 

1702 

6 

0.199 

8157 

1235 

Streptococcus 

5 

0.135 

141 

19 

0.180 

4889 

1269 

Ps. aeruginosa 

5 

0.113 

5022 

2 

0,159 

17500 

1445 

Streptococcus 

15 

0.121 

940 

9 

0.158 

2310 

1472 

Streptococcus 

10 

0.125 

370 

20 

0.120 

2524 

1473 

Ps. aeruginosa 

10 

0.133 

6337 

23 

0.170 

10329 

1479 

Ps. aeruginosa 

7 

0.101 

785 

' 2 

0.133 

2975 

Total or 








average! 


66 

0.134 

2188 

116 

0.164 

5446 




6 to 9 months in lactation 


840 

Streptococcus 

3 

0.177 

1129 

12 

0.209 

5723 

859 

Streptococcus 

13 

0.127 

1031 

3 

0.207 

3273 

882 

Streptococcus 

15 

0.142 

2054 




1235 

Streptococcus 

4 

0.118 

77 

6 

0.245 

6407 

1269 

Ps. aeruginosa 

5 

0.108 

801 

5 

0.153 

8150 

1445 

Streptococcus 

8 

0.139 

562 

6 

0.215 

2521 

1472 

Streptococcus 

12 

0.137 

1065 

16 

0.127 

3519 

1473 

Ps. aeruginosa . 

10 

0.166 

7370 

18 

0.135 

12346 

1479 

Ps, aeruginosa 

6 

0.112 

2625 

8 

0.141 

2754 

Total or 








average! 


76 

0.144 

2142 

74 

0.166 

6397 


la the eomparisoAs between hand and machine milking the data nsnally represent 
different lactation periods ; in some instances, however, a cow was changed from one mode 
of milking to the other during a lactation period, 
t Weighted average. 
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TABLE 2 — {Continued) 


Cow No. 

Infecting 

organism 

More than 9 months in lactation 

Hand* 

Machine* 

Sam- 

ples 

I 

Average 

chlo- 

rides 

Average 

leneo- 

eytes 

Sam- 
, pies 

Average 

chlo- 

rides 

Average 

leuco- 

cytes 



num- 

per 

thou- 

num- 

per 

thou- 



her 

cent 

sands 

her 

cent 

sands 

840 

Streptococcus 




3 

0.181 

2276 

859 

Streptococcus 

6 

0.166 

1215 



............ 

882 

\ Streptococcus 

6 

0.207 

2701 




1235 

Streptococcus 

6 

0.157 

321 




1269 

Ps. aeruginosa 

13 

0.164 

9548 

17 

0.145 

4511 

1445 

j Streptococcus 

4 

0:176 

6417 




1472 

Streptococcus 

18 

0.146 

1219 , 

18 

6.120 

1479 

1473 

Ps. aeruginosa 

20 

0.144 

6850 




1479 

' Ps. aeruginosa 

6 

0.153 

8531 

8 

0.180 

6692 

Total or 








average! 


79 

0.158 

4877 

46 

0:144 

3558 



Summary for entire period 

840 

Streptococcus \ 

24 

0.171 I 

2448 

45 

0.181 

3895 

859 

Streptococcus 

21 

0.170 

1671 

25 

0.181 

5162 

882 

Streptococcus 

39 

0.169 1 

3259 

6 

0.199 

8157 

1235 

Streptococcus 

20 

0.142 

1577 

38 

0.209 

5195 

1269 

Ps. aeruginosa 

30 

0.136 

5896 

28 

0.148 

5990 

1445 

Streptococcus 

38 

0.129 

1827 

26 

0.163 

3196 

1472 

Streptococcus 

50 

0.134 

883 

60 

0.121 

2392 

1473 

Ps. aeruginosa 

50 

0.142 

5727 

52 

0.160 

10821 

1479 

Ps. aeruginosa 

27 

0.113 

3234 

18 

0.157- 

4529 

Total or 








average! 


299 

0.144 

3066 

298 

0.163 

5333 


* In the comparisons between hand and machine milking the data usually represent 
different lactation periods; in some instances, however, a cow was changed from one mode 
of milking to the other during a lactation period. 

t Weighted average. 

ing. With some exceptions the results for each individual cow also show 
higher leucocyte and chloride levels when milking machines were used. 
With cow 1,269 the differences are so small as to he insignificant. On the 
other hand, certain cows, such as 1,235 and 1,275, show much higher results 
on machine milking than on hand milking. The results on cows such as 
those two tend to exaggerate the group average figures for machine milking. 

Summary figures on cow 1,265, shown in the section on the extreme right 
of table 1, indicate that the leucocytes and chlorides in the milk were lower 
while she was on machine milking than they were while she was on hand 
milking. The figures for the different stages of lactation show, however, 
that for 1,265 all of the results on machine milking were obtained during 
the first six months of lactation and all of the results on hand milking were 
obtained during the last six months of lactation. That lack of direct com- 
parison possibly accounts for the apparently lower results with machine 
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milking. TMs siirinise is borne out by the group average figures at tlie bot- 
tom of table 1, wiiicb show that with both methods of milking. there is a 
steady increase in leucocytes and chlorides as lactation advances. 

THE EFFECT OP THE METHOD OP MILKING ON INFECTED QUARTERS 

Table 2 shows the results for the infected quarters of 9 cows that were 
on both hand and machine milking after the onset of infection. Of a total 
of 597 samples reported here, 299 were taken while the cows were on hand 
milking and 298 while the3^ were on machine milking. 

As would be expected, the leucocyte counts and chloride values in these 
samples were distinctly higher than those reported in table 1 for the samples 
from uninfected quarters. The variations found in table 2 are greater than 
those found in table 1 and there is less tendency with these infected quarters 
for the leucocytes and chlorides to rise with advancing lactation. 

In general, the results in table 2 indicate that with infected quarters, as 
with uninfected quarters, the leucocyte counts and chloride values are higher 
when the cows are on machine milking than when the cows are on hand 
milking. 

RELATION OP THE METHOD OP MILKING TO THE OCCURRENCE OF INFECTION 

■Whenever a newly infected quarter was found during this investigation 
an attempt was made to correlate the onset of the infection with the method 
of milking that was being used at the time. Infections that occurred during 
the dry period and a few infections that occurred at about the time a cow 
was changed from one method of milking to the other were not ascribed to 
either method of milking. 

Of 23 streptococcic infections, the onset of which could be correlated 
with the method of milking, 9 occurred in cows on hand milking and 14 in 
cows on machine milking. During the period that these infections oceurred, 
the numbers of eow^s on the two methods of milking were approximately the 
same. Since the total number of traceable cases was, small, it is doubtful 
whether the difference bet'ween the 9 cases occurring on hand milking and 
the 14 cases occurring on machine milking is significant. 

On the other hand, infections with Pseudomonas aeruginosa are rather 
definitely associated with machine milking. The onset in 29 eases of Ps. 
aenigmosa can definitely be traced to periods when the affected cows were 
on machine milking. Only one case has been found that appears to have 
originated when the cow was on hand milking. The evidence with respect 
to several doubtful eases is that they, also, probably are associated with 
machine milking. 

Infections associated with organisms other than streptococci and Ps, 
aeruginosa were too few to be of significance in this study. 
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DISCUSSION 

At the time this investigation v^as under way little attention was given 
to the length of time that the machines were left operating on the cow. The 
general practice was to remove the teat cups as soon as milk flow ceased, but 
when it was known that a cow was not letting her milk down, the machine 
was left on the cow for an indefinitely longer period in an effort to accom- 
plish complete milking. According to Petersen (5) this practice will ulti- 
mately make the cow a stripper. Petersen further asserts that to leave the 
machine on the cow after the milk has ceased flowing may injure the lining 
of the teat cistern. 

Dahlberg (1) has shown that cows on machine milking remain in high 
production longer and give milk with fewer leucocytes if the machines are 
left on the cow a maximum of 4 or 5 minutes at a milking. Some of the 
manufacturers of milking machines are now recommending an interval of 
milking time not to exceed 5 minutes, insisting that slow milking cows can 
be trained to fast milking with benefit to both production and the health of 
the udder. 

It is quite probable that if, during this investigation, the practice now 
recommended for limiting milking time to 5 minutes had been adhered to, 
the difference in results between hand and machine milking would have been 
less than was actually found. Just how much less is purely conjecture. 
It is apparent that under the conditions of this experiment the use of milk- 
ing machines caused some udder irritation and contributed significantly to 
the spread of Fs. aeruginosa infections. The relationship between the use 
of milking machines and the incidence of streptococcic infections in the herd 
is not definite. 

SUMMARY AND CONCLUSIONS 

The effect of milking machines on cows has been studied by comparing 
the results of leucocyte counts and chloride titrations of the milk when the 
cow^s were on machine milking with the results found when the same cows 
were on hand milking. Data for infected and uninfected quarters were 
studied separately. A total of 31 cows was included in the two groups. 

Under the conditions of this exj)eriment the milk of most of the cows 
when on machine milking yielded higher leucocyte and chloride values than 
when they were on hand milking. This was true for both infected and unin- 
fected quarters. There were marked differences between cows in their 
response to machine milking. 

Milking machines apparently contributed to the spread of Ps, aeruginosa 
infections in the herd. Whether they were a factor in the spread of strepto- 
coccic infections is not definite. 

The influence of the interval of time that the machines were left on the 
cows as a factor in causing the high leucocyte and chloride levels with 
machine milking is discussed. 
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AMMONIATED SUGAR BEET PULP AS A NEW NITROGENOUS 
PEED FOR RUMINANTS 


H. C. MILLAR! 

The Quaker Oais Company Research Laboratories 

It has been shown (9, 10) that sugar beet pulp can be easily ammoniated 
to produce a palatable product containing 4 to 5 per cent nitrogen. The 
added nitrogen is stable and mostly in a water-soluble form. Studies (11) 
on pilot plant ammoniation of the dried pulp indicate that commercial 
ammoniation would be a relatively simple and inexpensive process. Since 
considerable evidence (3, 4, 5, 13) has accumulated to show that ruminants 
can use urea and ammonium bicarbonate for their maintenance and growth 
it seemed desirable to learn w^hether ruminants can also use ammoniated 
pulp for their nitrogenous nutrition. The experimental ■work reported in 
this paper was designed to give information on that point. 

The term ammoniated pulp as used in this paper refers to a plain dried 
sugar beet pulp which has been treated with ammonia (11) to raise its nitro- 
gen content. Likewise, ammoniated molasses pulp refers to a molasses beet 
pulp which has been treated with ammonia to increase its nitrogen content. 
Molasses pulp is a product usually made by mixing molasses with wet beet 
pulp at the beginning of the drying process. 

On May 12, seven Holstein male calves weighing 125 to 187 pounds were 
placed on a milk and calf meal diet. These animals developed scours soon 
thereafter which held them back somewhat. They were fed milk, calf meal, 
alfalfa and molasses beet pulp from May 12 to July 26 with the animals 
receiving little milk the last month. 

At the beginning of the experimental period the animals were placed in 
separate specially prepared pens inside an enclosed hay bam. Each pen 
was further protected during the coldest part of the winter and liberal 
amounts of pine shavings were used as bedding. Even so, it was very cold 
in these pens during the subzero weather. The animals were allowed to run 
in a vegetation-free paddock when the ’v^'eather would permit. 

The ammoniated pulps were prepared by adding 300 pounds of pulp 
to the closed ammoniation unit. Fifteen pounds of ammonia were added and 
the unit was revolved for thirty minutes. The temperature became 130"^ 
C. and a product containing 25-27 per cent protein (N x 6.25) was obtained. 

Beceived for publication August 7, 1943. 

1 The author gratefully acknowledges the aid of Mr. Bred Eatb for the care of the 
animals; of Mr. D. A. Greenwood for Ms many suggestions and aid in securing the blood ; 
of Mr. B. C. J enkins of the Moore Clinical Laboratories, of Dr. J. S. Bengston, Pathological 
Laboratories, IT. S. Bureau of Meat Inspection, for the examination of the liver and kid- 
neys and to Arline Lilly and Betty Soderstrom for analytical help. 
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Unammoniated pulp was then mixed with the ammoniated to give the 
iiecessaiy protein value for the rations. 

On July 26, the animals were placed on the experimental rations shown 
ill table 1 and eaeli animal was referred to by the ration he ate. The rations 
were essentially alike except for the nitrogen source and the fact that starch 
was substituted for nitrogen free molasses in some eases. 


TABLE 1 

The composition of the "basal ration 


Ingredients 


Protein 


Tbs. 

% 

lbs. 

Plain, dried beet pulp 

60.00 

9.2 

5.52 

Time thy liay 

16.00 

8.0 

1.28 

Starcli 

8.79 

0.0 

0.00 

Molasses 

12.00 

0.0 

0.00 

Steamed bone meal 

2.00 

7.0 

0.14 

Iodized salt 

1.00 

0.0 

0.00 

Fortified fisli oils 

0.21 

0.0 

0.00 


100.00 

6.94 

6.94 


Calves 1 and 2 received the basal ration. This contained 6.94 protein 
(N X 6.25). Rations 1 and 2, 

Calf 3 received the basal ration modified by substituting ammoniated 
pulp for plain pulp and starch for molasses. Total protein (N x 6.25) was 
12.42 per cent. Ration 3. 

Calf 4 received the basal ration modified by substituting ammoniated pulp 
for plain pulp. Total protein (N x 6,25) was 12.42 per cent Ration 4, 

Calf 5 received the basal ration modified by substituting ammoniated 
pulp for plain pulp and starch for molasses. Total protein (N x 6.25) was 
17.02 per cent. Ration 5. 

Calf 6 received the basal ration modified by substituting ammoniated 
pulp for plain pulp. The protein (N x 6.25) w^as 17.02 per cent. Ration 6 . 

Calf 7 received the basal ration except toasted soybean meal was sub- 
stituted for the starch and molasses. Total protein (N x 6.25) was 16.42 per 
cent. Ration 7. 

Calf 8 received the basal ration except molasses ammoniated pulp 
was substituted for plain pulp. Total protein (Nx6.25) was 17.02 
per cent. Ration 8. 

Molasses was excluded from rations 3 and 5 to note whether this 
soluble carbohydrate promoted the use of the nitrogen in the ammoni- 
ated pulp. 

The calves were fed equal amounts of feed three times daily and 
sufficient fortified fish oils were added to each feeding to supply each 
animal daily with 2700 units of vitamin A and 500 units of vitamin D 
per 100 pounds of body weight. Individual weights were taken weekly 
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during tlie experimental periods and the increase was recorded as 
growth. The animals %vere weighed daily the last three days and the 
mean was taken as the final value. 

Pictures were taken of the animals 132 and 222 days from the begin- 
ning of the experiment. Calves 1 and 2 were taken from the basal diet 
and placed on rations 8 and 5 respectively, 150 days from the beginning 
of the experiment. The second pictures were taken 72 days after the 
protein deficient animals had been changed to diets containing ammoni- 
ated pulp. 

Blood was taken from the jugular vein of each animal 97, 140 and 
210 days after the beginning of the experiment. It was analyzed for 
total erythrocytes, hemoglobin, total leucocytes, neutrophiles, eosinophiles, 
monocytes and lymphocytes by the usual clinical methods. The color index 
was then calculated by the usual procedure. The amounts of glucose, cal- 
cium, total serum protein, non-protein nitrogen, urea, cholesterol, serum 
albumin and serum globulin were determined (6, 7) and the albumin- 
globulin ratio was calculated. 

The steers were slaughtered at the Swift and Company yards under 
federal inspection and the liver from No. 7 and a kidney from each animal 
were sent to the pathological laboratory for further investigation. 

The animal tissues were analyzed (1) for total protein, water-soluble 
protein, coagulable protein and moisture. The A.O.A.C. method was modi- 
fied for the water-soluble and eoagnlable-proteins on the livers and kidneys 
as follows : 

Ten to thirteen grams of freshly ground sample was exhausted with 10 
ce. of water at room temperature. The sample was transferred to a 250-cc. 
volumetric flask with wmter and diluted almost to the mark and stored in the 
refrigerator 65 hours at 2° C, Samples were removed from the refrigerator 
in pairs and made up to volume immediately. They were mixed weU and 
the entire 250 ce. was centrifuged thirty minutes. The supernatant portion 
was decanted and 25-ec. room-temperatnre aliquots were used for water- 
soluble proteins and 75-ce. for coagulable proteins. One cc. of 0.1 N acetic 
acid was added to the 75 cc. and the sample was boiled five minutes to 
coagulate the proteins. The coagnlnm was transferred to a filter and washed 
with 250 cc. of hot water for the livers and 25 ce. hot water for the kidneys. 
Nitrogen was determined by the Njeldahl method and protein was calculated 
(Nx6.25). 

EXPERIMENTAL RESULTS 

It was not necessary to work the animals on to these feeds for the 
palatability was such that they ate well from the beginning except for the 
first animal on ration 6. He did not clean his feed up readily until he was 
placed upon ration 4 later in the experiment. Each animal consumed 5 
pounds of feed early in the experiment. This was increased from time to 
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Fig- 1. Growth of male calves — ^225 days. 

time until after 34 days 12 pounds were being eaten. After 70 days tbe 
amount was increased to 15 pounds. This proved to be too much so the 
amount was decreased to 11 pounds for the rest of the experiment. The 



9. Growth of male calves — 146 days. 
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appetites were good and equalized feeding was practiced tlironglioiit without 
difficulty. No digestion troubles of any kind developed. There was no 
evidence of diuresis in any of the animals. The growth of the animals is 
shown in figures 1. 2 and 3, Figure 1 shows the weight of the animals dur- 
ing the experiment (225 days) . Figure 2 shows the gain in weight after 146 
days and figure 3 shows the gain in weight at the end of 225 days. 

The animals on rations 1 and 2 continued to grow quite rapidly during the 
first 40 days of the ration but began to develop protein deficiency symptoms 



at the end of 30 days. Then they did not grow at all for 30 days, after which 
they grew very slowly until they w’ere placed on rations 8 and 5, respec- 
tively. 

The protein deficiency symptoms as shown in figure 4 became very 
marked before they were placed on the rations containing ammoniated pulp. 
The animals became very thin, developed a sharp-boned hump in their back, 
a pot belly, a rough and shaggy coat and a listless gait. 

After the protein-deficient animals were placed on rations 8 and 5 they 
started to lose their protuberant bellies, their backbones straightened out, 
their coats took on more life, they became much more lively, and began to 
grow at the rate of about 2 pounds per day. 

There was little difference in the growth rates of animals 3, 4 and 5. 
Molasses was excluded from rations 3 and 5 to* note whether the absence of 
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Fig. 4. Animals after 132 days of tlie 
experiment. 

No. 1 — ^Weight 335 lbs. at start of ex- 
periment. Fed basal ration 159 days. 
Protein 6.94% — growth 96 lbs. Then 
changed to basal ration modified by sub- 
stituting ammoniated molasses pulp for 
plain pi3p for 66 days. Protein (N x 6.25) 
17.02%. Growth 132 lbs. 

No. 2-— Weight 283 lbs. at start of ex- 
periment. Fed basal ration 159 days — 
growth 76 lbs. Then changed to basal 
ration modified by substituting ammoni- 
ater plain pulp for plain pulp and starch 
for molasses for 66 days. Protein 17.02%. 
Growth 138 lbs. 







SUGAR BEET PULP AS A FEED FOR RUMINANTS 


231 


this source of soluble carbohydrate inhibited the use of the nitrogen, in the 
aiiimoniated pulp or conversely whether its presence promoted nitrogen 
utilization over that of starch alone. The results indicate no difference in 
the growth of the animals on rations containing ail starch as compared to 
those in which molasses replaced part of the starch. 

The animal on ration 6 grew very slowly during the preliminary 14 weeks 
before the experiment was started. Furthermore, he continued to grow more 
slowly than animals 3, 4, 5 and 7 from the beginning of the experiment. This 
animal was on the ration containing molasses and pulp ammoniated to 4.16 
per cent nitrogen. He did not eat it as well as the other animals were eat- 
ing their rations. Therefore, after 159 days the rations of animals 4 and 
6 were exchanged to learn if there was something about ration 6 to give the 
inferior results. After this the slow growing animal grew much faster on 
ration 4 while the new animal on ration 6 continued to eat and grow at its 
previous rate on ration 4. Apparently it was not the ration alone but prob- 
ably an animal-ration relationship causing the poor initial results from 
ration 6. Growth was just as good on rations containing 12.42 per cent 
protein as on those containing 17.02 per cent protein. 

The pictures of the animals at the end of the experiment are shown in 
figure 5. They show that the animals on ammoniated pulp grew during the 
90-day interval between pictures and that the physical condition of the pro- 
tein deficient animals was greatly improved by the ammoniated pulp. 

The data in table 2 show the daily gains and feed consumed per 100 
pounds gain in weight for the various growing periods shown in figure 1. 
The soybean fed animal gained 1.956 pounds per day for 225 days. Ration 
one provided only 14.26 per cent of this growth for animal Ij ration two, 
10.38 per cent; ration three, 78.07 per cent; ration four, 81.80 and 95.55 per 
cent ; ration five, 81.34 and 106.90 per cent and ration six, 49.89 and 84.15 
per cent. The larger value on ration 5 was obtained when it was fed to 
animal 2 that had been on the protein deficient diet. Animal 4 did about 
equally well on rations 4 or 6 while animal 6 grew much better on ration 4 
than ration 6. The feed consumed per 100-pound gain as compared to those 
listed by Morrison (14) must be considered good. 


No. 3 — Initial weight 234 lbs. Fed basal ration modified by substituting ammoniated 
plain pulp for plain pulp and starch for molasses. Protein 12.42%. Growth after 159 
days 244 lbs. ; after 225 days 343 lbs. 

No. 4 — Initial weight 214 lbs. Fed basal ration modified by substituting ammoni- 
ated plain pulp for plain pulp. Protein 12.42%. Growth after 169 days 261 lbs,; after 
225 days 364 lbs. 

No. 5 — ^Initial weight 195 lbs. Fed basal ration modified by substituting ammoniated 
plain pulp for plain p^p and starch for molasses. Protein 17,02%. Gro^h after 159 
days 255 lbs,; after 225 days 358 lbs. 

No. 6 — ^Initial weight 181 lbs. Fed basal ration modified by substituting ammoniated 
pulp for plain pulp for 126 days. Protein 17.02%. Growth 123 lbs. Then changed to 
ration four for 99 days. Growth 185 lbs. 

No. 7 — Initial weight 174 lbs. Fed basal ration modified by substituting toasted 
soybean meal for starch. Protein 16.42%. Growth after 159 days 313 lbs,; after 225 
days 440 lbs. 
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ANALYSES OF THE BLOOD 

Tlie data on the blood are shown in table 3. The first two blood samplings 
were taken while animals 1 and 2 were still on the deficient rations. The 
third samples were taken near the end of the experiment and after animals 
1 and 2 had been changed to the ammoniated rations and had gained rapidly 
in weight. Thus, blood from animals on ammoniated pulp was obtained 
from the third sampling of animals 1 and 2 and from all three samplings 
from animals 3, 4, 5 and 6. 

The blood from animal No. 7 represents that from an animal on a eon- 
ventional protein source. The approximate normal value (2) for cattle 

TABLE 2 


Bate of gain and amount of feed consumed hy steers during certain feeding 'periods 


Steer 

No. 

Ration 

No. 

Experi- 

mental 

Xoeriod 

Daily 

gaiii 

Portion of 
daily gain 
promoted by 
soybean meal 

Total 

feed 

con- 

sumed 

Peed con- 
sumed per 

100 lbs. 
body weight 



days 

Jhs. 

; % 

Ihs, i 

m. 

1 

Basal 

41-159 

0.279 

i 14.26 

1463 1 

4433 


Ration 8 

159-225 

2.000 

102.25 

■ 726 ! 

550 

2 

Basal 

41-159 

0.203 

10.38 ' 

1463 

6096 


Ration 5 ! 

159-225 ■ 

2.091 

106.90 

726 

526 

3 

Ration 3 

1-225 * 

1.527 

78.07 

2545 

742 

4 

Ration 4 

1-126 

1 1.600 I 

81.80 i 

1456 

728 


Ration 6 

126-225 

1.646 

84.15 

1089 

667 

0 

Ration o 

1-225 

1.591 j 

■ 81.34 i 

2545 

711 

6 

Ration 6 

1-126 

0.976 

49.89 

1456 

1184 


Ration 4 

126-225 

1.869 

95.55 

1089 

589 

7 

Ration 7 
(Soybean 
meal) 

1-225 

1.956 

100.00 

2545 ’ 

^ 579 

j 


listed in table 3 represents mean values and are largeh^ based on adult cattle. 
Miller (12) has shown that the number of erythrocytes decreases in calves as 
they mature while the hemoglobin values remain quite constant with wide 
differences in individual animals. He shows that calves appear to have 
more leucocytes than the adult with the proportions of the kinds of leucocytes 
remaining about the same as in adults. He also shows that young bovine 
animals have less serum protein than adults. Hodgson et al, (8) show that 
the glucose in the blood of dairy animals expressed in milligrams per 100 cc. 
of blood was 100.4, 88.2, 80.2, 75.4, 69.6, 67.8, 62.2 and 55.0 after 6 days, 4 
weeks, 3, 7, 11, 15, 19 and 23 months, respectively. 

The data show the total erythrocytes to be normal in all cases. The third 
sample from animal No. 7 was somewhat higher than the other values. The 
hemoglobin was normal in all samplings and the total leucocytes were about 
the same except that the first two samplings on the soybean-meal animal were 
high. Perhaps the abnormal leucocyte and erythrocyte values on the soy- 
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bean-meal-fed animal were associated with the diffuse cirrhotic liver found in 
the animal when slaughtered. The adult neutrophiles were much the same 
ill all eases except in the last blood samples from the soybean-fed animal. 

The lymphocytes -were much the same in all animals. 

The glucose values were similar in all animals and -while slightly above 
that listed as normal for the adult they must be considered normal for ani- 
mals of this age. Feed was never withheld before taking the blood samples, 
for Hodgson {loc. cit.) shows that this has no effect on the blood sugar of the 
bovine. Carbohydrate metabolism appeared to be functioning normally. 

The calcium content of the blood fell between the normal ranges in all 
samplings and was remarkably constant. All the cholesterol values but one 
fell within what is listed as normal for cattle. 

The non-protein and urea nitrogen of the blood was low during the period 
the animals -were on the protein-deficient diet. The third sampling, which 
was taken after these animals were placed on diets containing more nitrogen, 
showed an increase in non-protein nitrogen and urea. All animals were 
metabolizing nitrogen in a normal manner. It is interesting to note that in 
ease of the animals on ration 3 and 4 the urea values were less than one-third 
of the non-protein nitrogen values while the urea values for the blood of the 
animals on ration 5, 6 and 7 are almost half those of the non-protein values. 
The non-protein values are much the same whether the ration was 12.4 or 
17.02 per cent protein while the urea values were about 1.5 times larger for 
the rations having the higher protein values. 

Total serum protein was normal and much the same in all samplings. 
The serum albumin and globulin values for the animals on the ammoniated 
pulp diets were similar to those of the control animal and confirm the work 
of Miller (12) that serum protein is lower in young animals than in adults. 
The albumin-globulin ratios were similar in all eases. 

The animals were slaughtered at Swift and Company under federal 
supervision. All animals and internal organs were pronounced normal by 
the federal inspectors except the liver in animal No. 7. This liver showed 
a diffuse cirrhosis. Macroscopic exaniinatioiis of one kidney from each 
animal showed each to be a normal healthy kidney. 

The carcasses were held in the coolers for 48 hours after the animals were 
slaughtered. A rib steak was then taken from each animal and tested for 
color and flavor at the Swift and Company Laboratories. The meat from 
each animal was found to be normal in color and flavor. Section of the ribs 
were taken from each animal and roasted and found to be normal in flavor, 
color and odor. 

Table 4 shows the weight of -fche animals before they went into the coolers 
and the dressing percentage. The animals were not in a good grade of finish 
for the experiment was not designed for this purpose. However, a very 
small amount of fat was deposited on the inside of the ribs and they brought 
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TABLE 4 


The weight of the animals when dressed and before going into the coolers 


Animal No. 

Dressed wt. before going 
into cooler 

Dressing percentage* 


lbs. 


3 

300 

52.00 

4 1 

299 

51.73 

5 ! 

278 

50.27 

6 i 

254 

51.94 

i 

339 1 

55.21 


* Based on feed lot wt. 


$10.25 per hundred weight. The soybean animal had a slightly higher 
dressing percentage than the animal fed ammoniated pulp. 

Part of the liver, one kidney and five ribs were taken from each carcass 
and analyzed for the constituents shown in table 5. Since the cuts from 
the different steers contained different amounts of fat some variation in the 
analyses from animal to animal is expected. 

The results on the ribs, livers and kidneys show that the animals fed 
ammoniated pulp contained much the same amount of fat, total protein, 
water-soluble protein, coagulable protein and moisture as the soybean-fed 
animal. This fact, together with the growth increments, is conclusive evi- 
dence that the animals were using the ammonia added to the dried beet pulp 
for their protein metabolism. 


TABLE 5 


Composition of tisstie (moisture free basis) 


Animal 

number 

Bib cut 

Eat 

1 

Total 

protein 

HaO sol. 
protein 

Coagulable 

protein 

Moisture 


% 

% 

% 

% 

% 

3 

: 31.7 

65.3 

14.8 

7.1 

70.3 

4 

19.5 

73.4 1 

16.2 

9,3 

72,2 

5 

23.3 

74.9 

17.0 

7.8 1 

72.9 

6 i 

13.9 

83.1 

19.7 

9.6 1 

75.1 

7 ; 

21.3 

75.1 

17.5 

9.0 

73.1 


Livers 

3 

7.1 

i 69.0 1 

27.8 

12.0 

71.6 

4 

5.6 1 

72.0 ' 

26,2 

11.5 

71.4 

5 

4.1 

67.8 

30.0 

15.2 

71.0 

6 

5.6 

67.8 

26.5 

11.3 

71.7 

7 

6.7 

73.1 

26.2 

15.0 

69.9 


Kidneys 

3 

30.3 

60,3 

29.0 

9.5 

73.8 

4 

19.7 

70.3 

32.6 

14.6 

76.1 

5 

35.1 

58.7 

25.6 

9.2 

70.8 

6 

32.7 i 

56.5 

28.3 

7.9 

73.5 

. 7 

38.7 1 

49.5 

26.0 

6.9 

71.1 
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DISCUSSION OP RESULTS 

Animals on tlie basal diet grew very little wliile those on the basal ration 
plus ammoiiiated pulp for 225 days grew as much as 81.34 per cent of the 
growth promoted by the toasted soybean meal. Animals on a low protein 
diet and then changed to a diet in which the nitrogen was raised only by 
the aminoniated pulp grew 102 and 107 per cent of that of the soybean meal 
animal. Ration 6 gave only about half as good results as soybean meal with 
one animal but gave about 84 per cent of soybean meal when fed to another 
animal. The animal which did so poorly on ration 6 grew 95.55 per cent 
as well as the soybean meal animal w^hen placed on ration 4. The animals 
on the ammoniated diet grew at the rate of 1.5, 1.65, 1.59 and 1.87 pounds 
per day while those animals changed from the basal ration to a ration con- 
taining ammoniated pulp grew at the rate of 2.0 pounds per day. The 


TABLE 6 

Basal rations of three non-frotein nitrogen experiments for growing Holstein calves 



1 After Hart eif aL (3) 

! 

Present 

experiment 

i 

Holstein males 

Holstein females 

Holstein males 


lbs. 

lbs. 

lbs. 

Yellow corn 

29.5 

20.0 


Dried beet pulp (plain) 



60.0 

Ground timothy 

47.0 

47.5 

1 16.0 

Starch 

20.0 

24.0 

20.79 

Corn molasses 


10.0 


Steamed bone meal 

2.0 

2.0 

2.0 

Salt 

1.0 

1.0 

1.0 

Cod liver oil 

0.5 

0.5 

0.21 

Total 

100.0 

105.0 

100.0 


soybean-meal-fed animal grew at the rate of 1.96 pounds per day. It is 
interesting to compare these results with those of the two experiments re- 
ported by Hart et al.j since Holstein calves were used in all three experi- 
ments and the diets were very similar except that sugar beet pulp was used 
in place of yellow corn and the amount of timothy varied somewhat. This 
comparison is shown in tables 6 and 7. 

The animals on urea and ammonium bicarbonate grew at the rate of 0.8 
to 1 pound per day while those on ammoniated pulp for 225 days grew at 
the rate of 1.53 to 1.64 pounds per day. 

It has been shown (13) that ruminants are able to use non-protein nitro- 
gen compounds because the mieroflora in their stomachs convert such nitro- 
gen into bacterial protoplasm protein. 

The enzymes pepsin, trypsin and peptidases then act on the proteins to 
liberate amino acids in the intestines where they are absorbed into the blood 
stream. 



Holstein male calves^ (Hart et al.) Holstein female ealves>> (Hart et al.) Holstein male ealves (present experiniGnt)^ 
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a Animals were 275-375 pounds at beginning of experiment and 575-700 pounds at end of experiment, 
b (( 250-290 592-678 

c (( a 174-335 489— 614 

^ Eations were changed during the experiment. 

^ Ammoniated pulp. 
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Hose et al. (15) have shown that the amino adds lysine, tryptophane, 
histidine, phenylalanine, leucine, isolencine, threonine, methionine, valine 
and arginine are indispensable for the rat and dog. Since the animals on 
amnioniated pulp did not grow as well as the one on soybean meal it would 
appear that either all of the essential amino acids were not synthesized or 
not synthesized in sufficient quantity to give maxinium growth. This leads 
to the interesting question of whether the growth promoting ability of am^ 
nioniated pulp for ruminants would be increased when fed in practical diets 
containing normal and multiple supplementary nitrogen sources such as 
barley, corn and alfalfa hay with these materials supplying less natural 
protein than is needed by the animal for maximum growth. Under such 
conditions if the growth were not maximum the question of supplying in an 
economical form those essential amino acids not synthesized by the rumi- 
nants, should be an interesting and fruitful study. 

SUMMARY 

1. An experiment on the ability of Holstein calves to grow on ammo- 
niated plain sugar beet pulp has been conducted. 

2. The experiments indicate that the animals can use such nitrogen 
sources for their nutritional needs. They grew at the rate of about 1.6 
pounds per day as compared with 1.96 pounds for one animal on toasted 
soybean meal. 

3. Animals fed a diet in -which starch was substituted for molasses grew 
as well as those on rations containing the molasses. This indicated that the 
soluble carbohydrate did not further the use of the nitrogen by the micro- 
organisms in the digestive tract any better than starch. 

4. The animals grew just as well on rations 12.42 per cent protein as 
those on 17.02 per cent protein (N x 6.25). 

5. No diuresis of any of the animals occurred. 

6. The blood was analyzed for fifteen different constituents three times 
during the experiment and found to be normal. 

7. The animals and tlieir internal organs passed federal inspection at 
the Swift and Company yaids. The soybean-meal animal had a diffuse 
cirrhotic liver. This is not evidence that the liver condition was connected 
with the soybean meal. Macroscopic examinations of the kidneys showed 
them to be normal. 

8. Rib and liver cuts as well as one kidney from each animal were an- 
alyzed and found to be normal in protein. The color and flavor of the meat 
was normal. 

9. Further work is indicated. 
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LIVE WEIGHT AND MILK-ENEEGY YIELD IN BEITISH GOATS 

E. E. OEMISTOISri akd W. L. GAINES 

Illinois Agricultural Experiment Station, Vrloana 

Tlie London Dairy SiiOAv, staged nox'mally in mid-October eacb year, 
embraces a milcli goat competition based on milk and fat yields for a two-day 
period. Records of these competitions are published in the Journal of the 
British Dair^' Farmers’ Association and include live weights of the indi- 
vidual goats at time of the contest, as well as various data of milk yield. 

The present article deals with these two-day records (on a per-day basis) 
for the 17 years, 1920-1937 except 1927, and is particularly concerned Avith 
the size-yield relationship. 


STAGE OP LACTATIONT 

Since goats have a pronounced tendency to bear their young in the spring 
season they are usually rather far advanced in stage of lactation at time of 
the contest in October. For present purposes all records more than 360 
days after kidding are rejected (14 records, 486 to 959 days after kidding). 
All other records are used, a total of 318 distributed as follows, with respect 
to 30-day month after kidding : 

Atonth 1st 2d 3d 4tlx 5th 6th 7th 8th 9th 10th 11th 12th 

Number 1 5 5 14 28 38 85 98 40 1 2 1 

Apparently kidding occurs most frequently in the month of March. The 
delayed stage of lactation must be kept in mind in considering the magni- 
tude of yields- Assuming a linear lactation curve, the daily yield for the 
first 8 months of lactation would be soineAvhat greater than the daily yield 
for the contest ixeriod. Of course, what the yields represent is only the 
contest period, for the goats selected to enter the contest. Naturally a goat 
with too little persistency, that is, milking at too low a level at the time 
would not he entered. 


AVERAGE PERPORMANTGE BY BREEDS 

Table 1 shows the average of the 318 records to be 8,36 pounds of milk 
and 0.390 pounds of fat per day at an average stage of lactation 195 days 
Received for publication August 16, 1943. 

1 On leave of absence for military service. 
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TABLE 1 

Average data (daily lasts) for goats ly Ireeds, in order of live weight, W, 
at the London Dairy SJioio 


Breed 


o 

C3 

...a 

> 

ce 

u 

nz} 

CD 

d CD 

Alilk 

d 

Ph' 

FCM 


S{i 

o 

o 

o 

r~i 






Ihs. 1 

Ihs. 

Ihs. 

Ihs. 

Ihs. 

Toggenburg 

22 

185 

4.08 

4.09 

7.33 

0.300 

7.44 

130 

5.71 

Unidentified 

106 

185 

4.86 

4.76 

6.51 

0.309 

7.25 

134 

5.46 

Anglo Nubian Swiss 

•25 

209 

4.77 

4.69 

8.86 

0.416 

9.78 

153 

6.43 

British Toggenburg 

24 

192 

4.57 

4.54 

8.76 

0.398 

9.47 

155 

6.13 

Saanen 

17 

213 

4.72 

4.66 

8.48 

0.395 

9.31 

163 

5.80 

Anglo Nubian 

IS 

177 

6.37 

6.30 

7.08 

0.446 

9.52 

168 

5.73 

British Alpine 

; 45 

197 

4.61 

4.55 

9.31 

0.423 

10.08 

173 

5.97 

British 

[ 20 

211 

4.74 

1 4.65 

10.72 

0.499 

11.77 

176 

6.69 

British Saanen 

I 41 

213 

1 4.46 

1 4.42 

11.51 

0.509 

12.24 , 

176 

7.04 

All breeds 

318 

195 

4.76 

4.66 

8.36 

1 

0.390 

9.19 

154 

5.99 


* Averages of the individual lOOFGM/W values. 


after kidding. The average milk-energy yield, FCM, is 9.19 pounds of 4 
per cent milk.^ The average of the 318 fat percentages is 4.76 but when 
weighted by milk yield this becomes 4.66. 

As between breeds considerable variation is shown. The breed class 
designated ^^unidentified” is largely composed of just goats” but includes 
a few animals properly belonging in another class, .where the breed identity 
could not be ascertained from the published record. The breeds are ar- 
ranged in table 1 in order by average live weight. The larger size and 
greater productivity of the British strains (British Alpine, British, British 
Saanen) are conspicuous. 

TABLE 2 

Variance with respect to certain items, as let ween and as tuith m certain groups — 
London Dairy Show goats. Live weight, W, in pounds; milk 
and FCM in pounds per day 


Group 

Item 

Degrees of 
freedom 

Variance 

F 

5%F 

1%F 

Between 

\Vithin 

Betw’een 

IVithin 

Breed 

Live weight i 

8 

309 

13,289.0 

643.0 

20.67 

1.97 

2.57 

£ £ 

Milk 

f £ 

£ £ 

123.1 

4.4 

27.78 

£ £ 

£ ( 

£ £ 

FCM 

£ £ 

i £ 

128.9 

5.5 

23.37 

£ £ 

£ £ 

£ £ 

lOOFCM/W 

£ ( 

Cf 

11,7 

2.3 

5.07 

£ £ 

£ £ 

Age 

Live weight 

9 

308 

3,225.0 

896.0 : 

3.60 

1.91 

2.48 

f £ 

FCM 

£ £ 

£ £ 

10.6 

8.6 

1.24 

i C 

4 £ 

£ i 

lOOFCM/W 

£ £ 

£i 

5.2 

2.5 

2.08 

‘ i i 

£ t 

Live weight 

1 FCM 

16 

301 

64.2 

5.7 

11.31 

1.68 

2.07 

£i 

1 lOOFOM/W 

£ £ 

tc 

3.1 

2.5 

1.24 

£ i 

£ £ 


2 FCM = 0.4 X milk + 15 x fat. One pound FCM = 340 kilocalories milk energy = 0.034 
pounds milk protein regardless of the fat percentage of the natural milk. This relation 
is known to hold quite accurately in cows and is presumed to he applicable in goats. 
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LIVE WEIGHT AND YIELD 

The variance data of table 2 show that the breeds are distinctly different 
with respect to live weight and FCM yield; less distinctly (although sig- 
nificantly in the statistical sense) with respect to PCM/W, that is, milk 
energy per unit live weight. Eeferenee to table 1, column headed 
lOOPCM/W, indicates the breed differences in PCM/W arise in a tendency 
for the larger breeds to produce more milk energy per unit live weight than 
the smaller breeds. Evidently the British strains are being developed for 
large size and milking proclivity ; and milking capacity appears to be fully 
proportional to the larger size, as between breeds. 



Live Weight - Pounds, W 


Eig. 1 , ECM, in pounds per day plotted against liye weight in pounds for each of the 
318 records. 

Eig. 2, EGM, in pounds per day ]>er 100 pounds live weight plotted against live weight 
ill pounds, same records as figure 1. 

Figure 1 shows each of the 318 FCM records plotted against live weight 
without regard to breed. PCM ranges from 1.5 to 17.2 pounds per day and 
live weight ranges from 88 to 250 pounds. There is a fairly close correla- 
tion between live weight and milk-energy yield, amounting to r = 0.57. If 
milk-energy yield is expressed as a power function of live weight, 
PCM = aW^, it is found that b = 0.91. From table 1 if PCM is expressed 
as PCM=:aW^ it comes out that b = 1.54, as between breeds; and b = 0.57 
as within breed. 
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Figure 2 sliows each of the 318 FCM/W records plotted against live 
weight. If FCM is proportional to (figure 1) it should follow that 

FCM/W is propoi-tional to that is FCM/W decreases slightly with 

increasing W. Table 2 shows, however, that FCM/W variance as between 
live weight groups differs only slightly from the variance within live weight 
groups. In other words FCM/W appears to be independent of W in the 
318 records taken as a whole. 


DISCUSSION 

There are some elements of uncertainty as to the broad meaning of the 
present size~yield data. The goats entered in the contest are a selected lot, 
to meet the competition which is predominantly one of points for production, 
viz. : 1 point per pound of milk plus 20 points per pound of fat plus 4 points 
per pound of solids-nohfat. No distinction is made as to size of animal 
except indirectly by clistingnishing between first-kidders and older® animals. 
Since a 100-pound goat competes on a par with a 200-pouiid goat in terms 
of absolute yield it follows that selection must be more severe in the smaller 
size animals. This tends to bias FCM/W, as concerns an uiiselected popula- 
tion, making it unduly large for small goats and unduly small for large 
goats. Just how far this may affect the data of figure 2 (and figure 1) 
cannot be said. 

What is needed is records on an unselected population for the first 8 
months of lactation with live weight measured within 31 days after kidding. 
In the present records variation in the stage of lactation affects not only 
the daily yield for the 2-day period but affects also the numerical value of b 
in the regression, FCM = aW^, at least such is true in cows. For example, 
in Holstein cows, dealing with 8-inonths FCM and live weight measured at 
10 stages of lactation, viz., within the first month (31 clays) after calving, 
within the second month, etc., b is affected as follows : 

Montli 1st 2d 3d 4tli 5tli Gth 7tli 8tli 9tli 10th 

b= 1.01 0.96 0.93 0.94 0.92 0.89 0.91 0.82 0.82 0.83 

For the present goat data the average stage of lactation is within the 
7th month after kidding and bi=0.91 which agrees with the 7th month in 
the Holstein data. By inference if live weight in the goats had been mea- 
sured within 31 days after kidding we might expect to find b = 1.01. 

Finally it may be noted that the average of the 318 records is 5.99 
pounds FCM per day per 100 pounds live weight, 60 pounds per 1000 
pounds live weight. This is pei'haps nearly double what we should find in 
cows under comparable conditions. Metabolic tempo (metabolism per cell 

3 In table 2 it wiU be noted there is no significant difference between age classes with 
respect to either IJOM or FOM/W. For these records age distinctions are wholly without 
importance, hut live weight distinctions are very important. 
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per imit time) as between goats and cows follows a power rnle’^ with 
respect to live weight ; but within species metabolic tempo is independent 
of live weight. 

SUMMARY AND CONCLUSIONS 

This article deals with 318 records of goats in two-day milking compe- 
tition at the London Dairy show. The milk-energy yield, FCM, ranges 
from 1.5 to 17.2 pounds per day. Live weight, W, ranges from 88 to 250* 
pounds. The correlation between W and FCM is 0.57. In the power equa- 
tion regression, PCM^aW^, b = 0.91. 

Attempting to bring the data into line with FCM for the first 8 months 
of lactation and live weight measured within 31 days after kidding it 
appears probable that b in the regression FCM = siW^ may be safely taken 
at unity. That is, milk-energy yield in well-developed milch goats tends to 
be proportional to live weight. 




FURTHER STUDIES ON OXIDATION OF VITAMIN A AND 
CAROTENE IN MILK PAT 


VLADIMIE N. KEUKOYSKY 
College of Agriculture^ Cornell University, Ithaca, Xetu Torlc 
a. H. ELLIS AND BAEBAEA. W. BAENES 
United States ]:Iutrition Lahoratory, Ithaca, New Yorh 

Our previous study (2) of tlie effect of storage temperature upon tte 
rates of destriictiou of vitamin A and carotene in milk fat protected from 
the light but exposed to the air has indicated that following an induction 
period, simultaneous progressive destruction of vitamin A and carotene 
occurs in samples held at 40°, 50°, and 60° C. Since that time additional 
data have been obtained concerning the changes in vitamin A and carotene 
contents of the milk fat held at lower temperatures than its melting point; 
namely, the region within which under favorable conditions the fractional 
crystallization of glycerides takes place. 

We also reported that the reconstitution test is very useful in recognizing 
the flavor defects of the milk fat and thus the extent of oxidative deteriora- 
tion. This was evident from the fact that the milk made of pasteurized 
skinimilk and post-induction period fat developed off flavors, which con- 
tinued to increase rapidly in their intensities instantaneously after proc- 
essing, while the one containing fresh fat showed fairly good keeping quality. 
SubsequentU^' it was observed that the latter milk at the end of 24 hours’ 
storage at 5° C. developed off flavor, although of much lower intensity than 
the other but nevertheless identified by judges as slightly oily or tallowy and 
which loAvered its score from 23 to 21 points, as compared with the score of 
zero for the first milk at the end of the same period. 

Since the conditions for oxidation appear to be favorable, when fat is 
redispersed in skimniilk, we can assume that the above technique can be of 
value in readily detecting changes in the resistance of milk fat to oxidation, 
Avhether these changes are brought about during storage, by exposure to 
light, or any other factor. 

For these studies the vitamin A and carotene contents of the fat were 
determined by the Koehn and Sherman method (3), while in the preparation 
of milk fat we followed the same procedure as described in the former 
paper (2). 

EXPERIMENTAL 

The Effect of Rapid Solidification of Milk Fat Upon the Bates of 
Destruction of Vita7nin A and Carotene 

In a study of the relationship between the temperature of storage and 
the rates of destruction of vitamin A and carotene in the milk fat (2), it was 

Keceived for puUlicatioE August 20, 1943. 
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pointed out that the samples of fat in the ''liqiiicr' state were placed in 
ineiihators at constant temperatures. At the end of the holding’ period at 
temperatures below the melting point, these samples were found to be well 
separated into solid crystalline and liquid fractions. It is apparent, there- 
fore, that the system involved wns quite different from the one represented 
by fat stored at higher temperatures. 

The additional data concerning this particular experiment are presented 
in figure 1. They show that at higher temperatures vitamin A and carotene 
are destroyed at approximately the same rate, whereas at lower temperatures 
vitamin A is destroyed more rapidly. 



Eig. 1, The relation between the tenaperaturc of storage and the rates of destruction 
of vitamin A and carotene in the fat from (1) milk (solid line) in which lipolysis was 
checked by pasteurization immediately after excretion by mammary gland, and (2) milk 
(dotted line) in which lipolysis was accelerated. The fat was exposed to the air but pro- 
tected from the light. Numbers 1~7 on the graphs indicate months of storage. 

There are no significant differences in the rates of destruction between 
the samples held at 5*^, 10°, and 20° Cl, or between the fats isolated from 
normal and rancid milks. 

In order to learn if the physical state of the fat at the time of storage was 
a factor governing the rates of destruction of vitamin A and carotene, 25 
grams of fat were weighed into half -pint milk bottles, to provide a sufficient 
surface contact between the fat and outside air. Several of these samples 
were held first at - 14° C. for a period of time to insure a rapid solidification 
of the fat and then stored at 5° and 20° G. The remaining samples while 
still in a liquid state were placed at the same temperatures. 

The data are presented in table 1. It is apparent that i^apid precooling 
of fat retards the destruction of vitamin A and carotene during the storage 
at both 5° and 20° C. 
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TABLE 1 

The effect of solidification of milh fat upon its vitamin A and carotene 
Fat from normal pasteurized milk 


Physical state 
previous 
to storage 

Stored at j 

temiDerature ! 

' Titamin A 

Carotene 



IM./gm. 

y/gm. 

S. 

5 : 

21.1 

4.3 

L. 

0 1 

13.6 

3.5 

S, 

20 i 

18.4 

4.2 

L. 

20 1 

1 11.0 

3.8 


The samples were analyzed at the end of seven months ’ storage in the dark. Symbols 
indicate : S. — solidj and L. — ^liquid, fats, respectively. 


Tile physical states of these samples at the end of storage were quite 
different. The samples which were cooled rapidly at - 14° C. remained firm, 
retaining their homogeneous fine texture; the others had a coarse spongy 
semi-solid texture. Since atmospheric oxygen plays an important part in 
oxidative deterioration of milk fat -protected fz’om the light, it is possible to 
assume that the destruction of vitamin A and carotene might be traced in 
part to the rates of diffusion of atmospheric oxygen into the samples. 

The keeping quality of different solid fats might vary with their degree 
of hardness, a factor determining the rate of crystallization. 

These results suggest that a functional relationship exists between the 



Fig. 2. Tke vitamin A and carotene contents of samples of milk fat in tightly sealed 
(S.) or open (0.), plain (P.) and lacquered (L.) tin cans after seven months' storage at 
indicated temperatures. In plain open tin can (P.O.) the sample was colorless at the end 
of two and one-half months of storage at 50° O. In the open lacquered cans the samples 
IV ere all colorless at the end of seven months of storage. 
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rates of influx of atmospheric oxygen on one hand and the rates of destruc- 
tion of vitamin A and carotene on the other. 

In order to test this possibility, samples of fat in tightly sealed or open 
tin cans, both lacquered^ and plain, were placed while still in the liquid state 
at temperatures of approximately 5®, 30^, and 50° C. These cans were filled 
to the top. The vitamin A and carotene contents of the tightly sealed 
samples were determined after storing for 7 months, while carotene only was 
determined in the other samples. 

The data presented in figure 2 sho-w that in the absence of free surface 
contact with atmospheric oxygen the destruction of vitamin A and carotene 
proceeds at a much slower rate or not at all, depending upon the temperature 
of storage and the type of container used. 

It seems probable, therefore, that in absence of light, only when fat is 
exposed to atmospheric oxygen is its physical state a factor governing the 
rates of destruction of vitamin A and carotene. Subsequently, it was found 
that the induction period of fat could be considerably prolonged by covering 
the exposed surface with a sheet of tin foil to exclude the air. 

The Destniction of Vitamin A and Carotene Besiilf ing from Beemulsification 
of Milk Fat in Pasteurized Skimmilk 

, Preliminary work has been done to show’ the extent to which vitamin A 
and carotene of the milk fat is reduced by reemulsification in skimmilk and 
some of the factors involved in this phenomenon. 

In a previous paper (2) it w’as shown that at the point when the vitamin 
A content of fat exposed to light generated by a mercury vapor lamp w’as 
reduced to a minimum, the concentration of its precursor remained practi- 
cally unchanged. The data in figure 3 show’ that at the end of 30 minutes of 
exposure the vitamin A drops from a value of 33 I.U./gm. to 4.5 I.lJ./gm. 
Irradiation for an additional 90 minutes causes no furtlier drop in vitamin A. 
It did not seem reasonable to us that part of the vitamin A would resist 
destruction, so it may be assumed that the value of 4.5 I.U./gm. is due to an 
artifact. That this is so, is supported by the observation that no absorption 
peak in the 620 mp region of the spectrum could be detected wdth the Beck- 
mann spectrophotometer following the Carr-Price reaction, nor could an 
absorption peak be found in the 326 mp region with the unsaponifiable frac- 
tion dissolved in diethyl ether. 

It was found (2) that atmospheric oxygen plays an important part in the 
photochemical destruction of carotene, while in the ease of vitamin A an 
additional photochemical reaction caused its rapid destruction. Therefore, 
it seemed of interest to learn if the exposure of fat to light, prior to its 
reemulsification in pasteurised skimmilk, renders carotene more susceptible 
to oxidation. 

1 Sanitary enamel. 
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For this reason the irradiation experiment v^as repeated following* the 
same procedure as previously described, with the exception that the tempera- 
. tnre of fat was maintained at 50° G. and the intensity of the mercury vapor 
lamp at 19,000 foot candles.^ The samples were irradiated for various 
periods of time up to 120 minutes. At the end of each period they were 
divided into two parts. One part was immediately analyzed for vitamin A 
and carotene, while the other one was reemulsified^ in pasteurized skimmilk, 
then held for 24 hours before separation and analysis. 

, The data are presented in figure 3. Although the carotene content of the 
samples was not altered by irradiation, its susceptibility to oxidation in the 



Pig. 3. Tlie effects of irradiation and of reemolsiffcation of irradiated milk fat in 
pasteurized skimmilk upon vitamin A and carotene. Tlie effect of irradiation alone is 
sliown in the lower chart. The upper chart shows the losses in carotene (per cent) due to 
reemulsideation of fat. Symbols on the graphs indicate: C — carotene, A — ^vitamin A, 
0. and V. — fat irradiated in open or under vacuum sealed tubes. 

presence of skimmilk was definitely affected when the fat was irradiated in 
open tubes. In this ease 70 per cent of the carotene was lost due to the 
reemulsification of fat in pasteurized skimmilk, whereas the fat which was 
irradiated in vacuum sealed tubes was not affected. 

Subsequently it was thonght wurth while to obtain some idea concerning 
the destruction of vitamin A and carotene produced by irradiation^ such as 
might be encountered under ordinary conditions. 

Samples of fat in 18-mm. test tubes filled to th^ top and left open were 
irradiated for 10 hours with northern daylight passing through window 
glass.^ (This sample had been stored for 4 months at 5° C. in the dark.) 

2 W'eston light meter, 

3 In Club aluminum cream maker. 

4 The per cent transmission of incident light (Beckmann spectrophotometer) of this 
glass was as follows: 360 mg — 75.3% ; 340 mg — 42.0% ; 330 mg — 16.5% ; 325 mg — 7.0% ; 
320 mg— -2.0% ; 310 mg— 0%. 
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TABLE 2 

The effect of irmdiaiion with daylight upon vitajuin A and carotene of mill: fat 

Milk fat 


Irradiated, mtli dayliglit 

Beemulsif. 
in pastenr. 
skimmilk 

Yitamin A 

Carotene 

3rs. 

Tn 


IJJ./gm. 

y/gm. 

U. 


Before 

19.4 

9.6 

U. 


After 1 

11.0 

9.2 

10 

O.T. 

Before ’ 

6.0 

8.3 

10 

O.T. 

After 

5.1 

1.8 

u. 


Before 

29.5 

9.0 

IT. 


After 

I 12.3 

7.8 

8 

P.D. 

1 Before i 

1 1 

1 12.3 

[ 

, 7.4 


O.T. — opea tube, P.D. — Petri dish, U. — unirradiated control. 


The light intensity tliroiighoiit the duration of exposure varied from 200 to 
400 foot candles as measured by a "Weston light meter. Immediately after, 
a portion of this fat and one of the control samples were reemulsified sepa- 
rately in pasteurized skimmilk to produce a reconstituted milk containing 
5 per cent fat. They were reseparated after holding for 24 hours at 5*^ C. 
These samples and the remaining portions were then analyzed for vitamin A 
and carotene. In another experiment a sample of fat in a covered Petri dish 
filled to the top was exposed for 8 hours only. (This sample had been stored 
for 7 months at 5^ C. in a tightly sealed plain tin can.) 

The data are presented in table 2. These results are in substantial agree- 
ment with the preceding observations. 

A study of absorption spectra and chromatograms of carotene from 
irradiated and non-irradiated milk fat samples indicate that no change in 
the carotene occurred. The irradiation was carried out as previously de- 
scribed in 18-mm. test tubes by northern daylight. This indicates that the 
effect of irradiation is upon constituents of the fat other than carotene. 

Finally the data of table 3 show the effect of irradiation with northern 
daylight upon vitamin A and carotene of fresh milk fat. To part of the 


TABLE 3 

The effect of irradiation with daylight %ipon wtamin A and carotene of fresh mill: fat 

Milk fat 


Irradiated with I 

daylight ■ 

Beemulsif. 

Vitamin A 


in pasteur. 
skimmilk 

Original 

Original 
and added 

Carotene 

Btrs. 1 

1% ’ 


IJJ./gm, 

IJJ./gm, 

y/gm. 

D. i 


Before 

22.1 

250.0 

5.1 

D. ! 


After 

19.3 

246.0 

4.7 

8 1 

O.T. 

Before 

21.7 

221.0 

5.0 

8 ^ 

O.T. 

After 

17.0 

163.0 

3.9 i 


O.T. — open tube, D. — unirradiated control. 
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sample crystalline vitamin A was added so that it contained 250 I.TJ. of vita- 
min A per gram of fat. Both samples of fat in 18-mm. test tubes were 
irradiated for 8 hours. The light intensity throughout the duration of expo- 
sure was less than 200 foot candles. 

The results of this experiment were practically the same as the otherSj 
except that the losses in vitamin A produced by reemulsification of fresh 
iiiiexposed fat in pasteurized skimmilk were rather small. 

These observations appeared to be of a practical importance since they 
show that considerable losses in vitamin A, accompanied by the development 
of oily flavor, occur in the fat exposed to light, thus aifecting not onl}?' the 
nutritive value of the product but its palatability as well. 

Finally it should be noted that the destruction of vitamin A in the milk 
fat was accompanied by the development of oily flavor, whereas that of caro- 
tene was acconipaiiied by the development of tallotvy flavor (1, 2). 

The data suggest that a relationship exists between the ability of fat to 
resist oxidation and the stability of carotene. It is possible that a partial 
or complete destruction of antioxidant renders fat more susceptible to oxida- 
tion, thus indirectly affecting carotene. 

CONCLUSIONS 

The present study shows that the resistance of both vitamin A and caro- 
tene to oxidation by redispersing the fat in pasteurized skimmilk decreases 
upon exposure of fat to light or after its prolonged storage in the dark. 

Milk fat can be stored for several months even at 60° C. without loss of 
vitamin A or carotene providing the fat is degasified then placed in light- 
proof containers filled to the top and tightly sealed. 

Eapid precooling as compared with slow cooling of milk fat retards the 
destruction of vitamin A and carotene during its storage at both 5° and 20° 
C. in opeii-to-tlie-air but protected-from-the-ligiit containers. 

The data indicate that milk fat containing free fatty acids shows more 
rapid loss of vitamin A and carotene during its storage at 40°-50° C. in 
open-to-the-air but proteeted-from-the-light containers. 
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ZINC IN COWS’ MILK^ 


J. G. AEGHIBALDi 

Department of Animal Sushandry, Massaclmisetts Agricultural Experiment Station 

INTRODUCTION 

References in the literature to the zinc content of cows’ milk are rather 
infrequent. Several investigators report its presence in the spectrographic 
analysis of milk ash (3, 6, 7, 11, and 12), but only three report quanti- 
tative deteimiination of the amount present (2, 4, and 8). Information 
on the influence of the amount of zinc in the feed on the zinc content 
of milk is practically negligible. Wright and Papish (11) in 1929 found 
more than the usual amount of zinc in milk obtained from cows pasturing 
in the neighborhood of a zinc smelter. Broek and Wolff (5) in 1935 found 
no marked variations in this element that could be attributed to feeding 
practice. 

As part of a comprehensive project on the minerals of cows’ milk, the 
effect of feeding zinc oxide on the zinc content of milk was investigated at 
this station during the past winter (1942-43). 

EXPERIMENTAL 

The procedure was similar to that followed in earlier work on manganese 
(1). Eight cows were divided into two groups of four each, with an 
Ayrshire, a Guernsej", a Holstein, and a milking Shorthorn in each group. 
The breed pairs were matched as closely as possible with regard to stage 
of lactation, none of the cows being beyond the 10th week in lactation when 
the work was begun. One group received the supplement during November, 
December and January ; the other group received it during February, March 
and April. The amount of zinc oxide fed was ten grams daily mixed with 
the grain allowance. No ill effects were evident as a result of feeding this 
amount of zinc. Except for the feeding of the supplement the rations and 
management of the two groups were in all respects identical. 

Composite two-day milk samples of one liter each were taken from each 
cow once a month. Zinc was determined in triplicate 200 ml. portions of 
each sample by the turbidity method of Bodansky (4) as quoted by Scott 
(10). As some slight modifications were introduced, the detailed procedure 
is given below. 

Beceived for publication August 21, 1943. 

* Contributioii No. 491 of tbe Massaebusetts Agricultural Experiment Station. 

1 Acknowledgment is made to Yernon C. Cole, wbo did tbe analytical work under the 
author’s direction. 
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Method for Determination of Zinc in Milk 
Solutions required : Standard zinc solution. Dissolve 0.1 gram of zinc ( C.P.) 
ill 10 ml. of HCl (sp. gi\ 1.20) ; Dilute to one liter. 1 ml. = 0.0001 gram 
of zinc. 

Oiiric acid solution — 50% Sulphuric acid — 1 in 3. 

Ammonium fh iocijanate solution — 2%. Hydrochloric acid — 1 in 5. 

Potassium ferrocyanide solution — 2% 

Procedure. Measure out 200 ml. of milk into a glazed silica evaporating 
disk and evaporate to crispness on a steam bath. Ask in an electric muffle 
furnace at just below perceptible redness ; the dishes are placed in the cold 
furnace and the temperature is raised gradually to avoid frothing and 
spattering. Tlie|ash should be white or with not more than a tinge of gray. 
Cool and dissolve the ash with 25 ml. cone. HCl and 10 ml. cone. HNO;.-; 
boil moderately on a hot jdate for half an hour. Add 10 ml. of H2SO4 
(1 in 3) and evaporate to dryness on a steam bath. Dissolve the residue 
in water and adjust the acidity to contain about 5 per cent H2SO4 (probable 
volume 150 ee.) and precipitate the heavj’ metals by bubbling HoS through 
the liquid for an hour. 

Filter off the heavy metals and boil the filtrate on a hot plate to remove 
H2S; cool, add two drops of methyl red, neutralize with NH4OH and add 
10 ml. of a 50 per cent citric acid solution. Heat to boiling on a hot plate 
(■watch out for bumping at this point) and if no calcium citrate separates 
add small quantities of calcium carbonate at a time until a precipitate of 
about one gram of calcium citrate is formed. Remove from heat and while 
still very hot pass a stream of H2S through the solution until cool and for 
four hours thereafter. Filter through a small paper and wash with a 2 per 
cent solution of ammonium thiocyanate. Dissolve the precipitate in 25 ml. 
of HCl (1 in 5) heated almost to boiling, w^ash the paper with water, cool 
the filtrate and make up to 50 ml. 

Place a 25-mL aliquot of tlie filtrate in a 50-ml. Nessler tube and liold 
until a series of standards of appropriate range has been prepared by mea- 
suring portions of the standard zinc solution into other 50-mL Nessler tubes. 
Dilute the standard and unknown solutions to about 40 ml. and add 3 ml. of 
HCl (sp. gr. 1.20) to the standards, and 2 ml. of 2 per cent potassium 
ferrocyanide solution to all the tubes. Dilute the contents of each tube 
to the mark and mis thoroughly. After two or three minutes compare the 
turbidity of standards and unknown in a suitable comparator rack with a 
white tile base and illuminated by fluorescent light. Calculate the per- 
centage of zinc from the quantity of sample taken and the standard solution 
similar in turbidity to that of the sample. Standards used in this work 
were 2, 3, 4, 5, 6, 7, and 8 ml. of the standard zinc solution per 50 ml. of 
final volume. The method is sufficiently sensitive to permit matching to 
one-half ml. of the standard (0.00005 gram of Zn). 
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Note. — -T lie initial letter jjrefixed to eacli cow\s number indicates the breed. 
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RESULTS 

The values obtained are set forth in table 1. The difference of 1.3 mgs. 
per liter in the zinc content of the milks from the two groups is statistically 
significant. A smaller difference was noted in the second half of the season 
than in the first, but this also is significant. It is believed that the differ- 
ence between the groups in the second half would have been greater if 
Cow 6632 had been retained in the hexxl. Eather consistently low values 
for zine were obtained from analysis of the milk samples from the substitute 
Cow 6605. Her milk also had a consistently low total ash content for a 
Cuernsey (an average of 0.68% for the four months she %vas in the group 
as compared wuth 0.74% for her breed mate, 6626, for the same four 
months). Also her milk looked abnormal, suggesting the high color of 
colostrum, although not above 4.7 % fat at any time during the whole four 
months and running as low as 4% in March and April. 

It is definitely suspected, therefore, that here was an abnormal milk, and 
if in consequence it be eliminated, the difference in zinc content of the 
milks in the second half of the trial is raised to about the same magnitude 
as it was in the first half, ie.^ approximately 1-| mgms. per liter more zinc 
in the milk when the cows were fed zine oxide than when they were not. 

In agreement with the w'ork of Birckner (2) considerable individual 
variation is noted in the amounts of zinc from the different cows, but it 
should be observed that out of twenty-four comparisons, zine was higher 
in the milk from the control group in only two instances and in one of these 
two the apparently abnormal milk already referred to was involved. 

The amounts of zinc in the control samples are in good agreement with 
those reported by Birckner (2) and by Sato and Murata (9). 

summary 

Zinc oxide was fed as a supplement (10 grams per cow daily) to the 
ration of eight cows for a period of three months by the double reversal 
method. The milks from the cows were analyzed for their zinc content and 
it was found that feeding the zine supplement had consistently raised the 
level of that element in the milk, the average being 5.1 mgms. of zinc per 
liter of milk as contrasted with an average of 3.9 mgms. when the cows were 
on a control ration, 
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THE DIGESTIBILITY OP KOEEAN LESPEDEZA HAY AND 
GEOHND KOREAN LESPEDEZA SEED FOR 
DAIRY HEIFERS* 

EHIC W. .VXD H. A. HEEMAX 

Department of Dairy Susiandry, University of Missouri, Columbia, Missouri 

Korean lespedeza is playing an increasingly large part in ttie feeding 
program of farm animals. It is Tivideiy used as a fine mid-summer pasture 
crop and as liay ; and the abundant yield of seed can be utilized as a high 
protein concentrate for livestock feeding. Although the high feeding value 
of Korean lespedeza has been shown often in comparative feeding trials, few 
reports have appeared concerning the digestibility of the hay fed alone. 
The investigation reported herein was therefore instituted for the purpose 
of determining the digestibility of different types of Korean lespedeza hays 
and the digestibility of Korean lespedeza seed fed with different hays. 

MATERIALS AND METHODS 

Three lots of Korean lesjoedeza hay were used. Each was grown on a 
different farm near Columbia, Missouri. The fertility of the soil on which 
each w'as grown was only fair. The fields had been clipped while the 
lespedeza was small so that the hays were practically pure lespedeza. One 
lot, secured in 1941, was cut about twu weeks previous to the start of bloom- 
ing. In 1942 one lot was made just as blossoms were starting to appear and 
a second lot w^as made when blooming wms over and the seeds were mostly in 
the dongh stage. The alfalfa hay was third-cnttiiig Missouri-gro’wn hay of 
good quality. 

The Korean lespedeza seed wus cleaned seed secured on the open market. 

Holstein-Friesian heifers 18 to 20 months old were used as experimental 
animals. The digestibility of each ration was determined with four heifers. 
Collection periods were of 10 clays duration following a 10-day preliminary 
feeding period in which a constant daily amount (16 pounds) of the ration 
was fed. 

The hays were chopped in a hammermill using a l-inch screen. The seed 
was twice ground through a f-ineh screen of the hammermill. The entire 
amount of hay or hay and seed to be fed was thorougbly mixed and sacked 
into daily rations previous to starting the trials. At tiie time of sacking the 
feeds w^ere sampled for moisture determination. The composition of the 
feeds was determined from composite samples representing the entire lot. 
The lespedeza hay and seed rations w’-ere composed of 1 part seed and 3 parts 
bay. Four parts of alfalfa bay w^ere used per part of seed. 

Eeeeived for publication August 23, 1942. 

* A contribution from the Department of Dairy Husbandry, Missouri Agricultural 
Experiment Station, Journal Series No. 913. 
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The feces were collected by an automatic separator patterned after an 
apparatus described by Ritzinaii and Benedict (7). A3 per cent aliquot 
sample was taken from each day fecal output from each heifer. The daily 
samples were composited, moistened with 2 per cent hydrochloric acid, and 
stored in a refrigerator at 5*^ C. until the completion of the collection period. 
The feces were then thoroughly mixed, dried with stirring in a Freas electric 
drying oven at 50° G., allowed to reach weight equilibrium in the laboratory, 
ground in a Wiley mill, and sampled for anal 3 ^sis. 

Analyses were made of the feeds and feces by methods prescribed by the 
A.O.A.C. (2) for nitrogen, ether extract, crude fiber, ash, and nitrogen-free 
extract. Moisture was determined hy drying in a dr^dng oven at 105° C. 
until weighings at 2-hour intervals showed no further loss. Lignin, cellu- 
lose, and other carhohj^drates were determined according to the method of 
Cramp ton and Maynard (3) except that the ether-extracted sample was 
moistened and autoclaved previous to digestion with 0.5 per cent pepsin in 
N/10 hydrochloric acid. 

Digestion coefficients, total digestible nutrients, and nutritive ratios have 
been determined in the usual manner. 

RESULTS AND DISCUSSION 

The composition of the feeds and rations fed and the average composition 
of the feces from each ration are listed in table 1 on the dry basis. These 
show that lespedeza hay does not decrease in protein content with advancing 
maturity but that lignifieation is quite marked as the plant matures. The 
high protein content of lespedeza seed is demonstrated. The seed also has 
a sizeable portion of fiber due to the hulls which normally adhere tightly 
to the seed. 

The average digestion coefficients, total digestible nutrients, and nutri- 
tive ratios which were calculated for the different rations and feeds are 
presented in table 2. 

The effect of advanced maturity upon the nutritive value of Korean 
lespedeza hay is clearly shown in table 2. With increased maturity there 
was a decrease in digestibility of practically every nutrient division. While 
lespedeza hay cut well in advance of bloom was very acceptable as a source 
of total digestible nutrients, late cut hay was markedly inferior. It is also 
worthy of note that the nutritive ratio of the good lespedeza used here was 
much wider than the 1: 4.7 estimated by Morrison (6). This is due to the 
fact that the protein of Korean lespedeza hay is not digested as thoroughly 
as that from many other legumes. The high lignin content of lespedeza 
leaves has been proposed by Swanson and Herman (9) as an explanation of 
the poorer protein digestion from lespedeza hay. 

The data in table 2 also present further evidence of the importance of the 
lignin content of the feed to its utilization. There is a remarkably close 
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relationship between the lignin content and the digestibility of the three lots 
of lespedeza hay. The lignin-digestibility relationship does not seem the 
same for the alfalfa hay as for the lespedeza hay^ however. This may be 
due to the fact that the heifers did not ruminate on the alfalfa rations^ pre- 
sumably because it was ground too fine, but did ruminate on all of the 
lespedeza hay rations. This lack of rumination may have slightly depressed 
the digestibility of the alfalfa hay. Ritzman and Benedict (8) found that 
ground alfalfa hay was less digestible than ungroiind hay. It is also proba- 
ble that the type and manner of deposition of lignin is so different in alfalfa 
and lespedeza that their relative amounts are not an adequate measure of 
their effect upon digestibility of the two kinds of hay. 

A few seeds from the late-cut lespedeza hay came through the heifers 
whole. This loss of nutrients may have accounted for part of the low’ digesti- 
bility of the late-cut hay. The undigested seeds were not in great numbers, 
however, and it is believed that their effect upon lowering the digestibility 
of the hay was of minor importance compared to the effect of the high degree 
of lignification of the plant. 

In drawing conclusions about the effect of maturity upon the digestibility 
of Korean lespedeza hay from these data, one must consider that the three 
lots of hay came from three different farms and were grown in two different 
seasons. Hays of different maturity from the same field grown in the same 
season may show" slightly different variations than are shown in table 2. 

The digestibility of Korean lespedeza seed was determined with three lots 
of hay, early-cut lespedeza hay, late-cut lespedeza hay, and alfalfa hay. The 
average results of the trials with each hay and the average of all of the 
lespedeza seed digestibility calculations are presented in table 2. It is showTi 
there that the crude protein and the non-fibrous carbohydrate of lespedeza 
seed are quite highly digestible. Great variation was found in the digesti- 
bility of the fibrous portion of the seed. The seed w^as moderatel}" high in 
total digestible nutrients, 69.01 per cent on a dry basis/ and fiirnisbed a 
darge amount of digestible protein, the average nutritive ratio being 1 : 1.22. 
The differences in digestibility of the seed fed with the different hays were 
not of noteworthy importance when it is considered that two different lots 
of seed were used. The 1941 seed wms higher in ether extract and its ether 
extract w"as digested better than that of the 1942 seed. 

Many analyses of lespedeza seed at the Missouri station have shown that 
it contains approximately 35 to 40 per cent total crude protein. This would 
be equivalent to about 28.5 to 32.5 per cent digestible crude protein. The 
ground lespedeza seed was eaten with relish by every one of the eight heifers 
used. It did not appear to exert any abnormal effect upon the animals. 
Experiments by Herman and Ragsdale (4), Irwin and Kempster (5), and 
the Missouri Department of Animal Husbandry (1) have shown that Korean 
lespedeza seed serves satisfactorily in rations of dairy cattle, beef cattle, 
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poultry, and slieep. It should therefore be considered as a very nutritious 
high protein concentrate which well deserves the attention of farmers seek- 
ing to increase their supply of home-grown high protein feeds. 

SUMMARY 

Digestion coefficients were determined on Korean lespedeza hay cut well 
in advance of bloom, just before bloom, and after bloom. The digestibility 
of practically all nutrients was decreased with advanced maturity and the 
late-cut hay was a very poor source of total digestible nutrients. The lignin 
content of the hays increased with maturity and as the lignin increased 
digestibility was decreased. 

Digestion coefficients were calculated for ground Korean lespedeza seed 
fed with two types of lespedeza hay and with alfalfa hay. The lespedeza 
seed crude protein averaged 81,35 per cent digestible which makes the seed 
contain approximately 28.5 to 32.5 per cent digestible crude protein. The 
seed contained an average of 69.01 per cent total digestible nutrients and 
had a nutritive ratio of 1 : 1.22. 
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CITRUS MOLASSES— A NEW PBED^' 


E. B. BBCKEE, P. T. BIX ARNOLD, GEORGE K. DAVIS and E. L. FORTS 
Florida Agricultural Experiment Station, Gainesville, Florida 

Citrus molasses was produced in Florida on a commercial scale during 
the eamiing* season of 1941-1942 with a production of 2500 tons. During 
1942-1943 this was increased to about 4700 tons. Approximately one-half 
of domestic blackstrap molasses was unavailable for feeding purposes due 
to its retention for manufacture of war materials. Hence citrus molasses 
filled a need in the manufacture of mixed feeds. The supply of citrus 
molasses has been insufficient to meet the demand of the mixed feed industry. 

RECOVERY OP CITRUS MOLASSES 

Prom a survey made by the Department of Agricultural Economies of 
the Florida station it was determined that 67.5 per cent of bulk citrus fruits 
remains as peel, rag, and seed, from the canning of hearts, juice, and citrus 
concentrate. This residue or fresh pulp contains about 85 per cent of 
moisture mostly as bound water, or water of constitution. 

Addition of caleiiim salts to the fresh pulp liberates the bound water. 
One-half of the water then is removed by pressure. The pulp is dehydrated 
into dried citrus pulp. The press juice contains about 5.4 per cent solids — 
mainly sugars. Evaporation of this material under partial vacuum to about 
one-thirteenth of the original volume results in a light colored sweet viscous 
syrup knowm to the feed industry as ‘‘citrus molasses.^’ A glueoside — 
iiaringin — which imparts a characteristic flavor to citrus peel, also is con- 
centrated in the process, so that its flavor is accentuated in the molasses. 

COMPOSITION OF CITRUS MOLASSES 

Citrus molasses is not wffiolly standardized as to composition perhaps due 
to changes in the press juice from citrus fruits as the season advances. The 
producers concentrate it to a reading of 75 degrees Brix. The resulting 
product varies slightly in total solids content, and in proportions of the 
different constituents. 

Four analyses of citrus molasses are available, 3 from the 1941-1942 
crop, and one (Sample No. 4) determined. in the Nutrition Laboratory from 
the 1942-1943 crop. These analyses are given in table 1. 

The specific gravity of citrus molasses (Sample No. 4 was 1.376) and a 
pH value of 4.65 was observed. Analyses showed 0.94 per cent of calcium 
citrate [Ca 3 (C 6 H 507 )] present as fine white flakes which settled out on 

Received for publication August 26, 1943. 

* Published with approval of the Director of the Florida Agricultural Experiment 
Station. 
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standing’. Tlie major eoiistitiients of this molasses are reducing and non- 
reducing sugars, the proportions of which vary. No fiber is present. The 
amount of ether extract depends upon the mechanical separation, or the 
evaporation of citrus oils. 

No digestion trials have been conducted using citrus molasses. Digestion 
trials on similar products included 4 with beet molasses and 26 with cane or 
blackstrap molasses, cited by F. B. Morrison in Feeds and Feeding,’^ 20th 
edition. The weighted average of these digestion coefficients — 35 per cent 
for crude protein and 90.1 per cent for nitrogen-free extract — applied to the 
average crude protein and nitrogen-free extract from analyses of citrus 
molasses in table 1, gave an estimated value of 1.4 per cent digestible crude 
protein and 56.7 per cent of total digestible nutrients, with 69.9 per cent of 
dry matter in the molasses. 

PALATABILITY OF CITRUS MOLASSES 

Since the flavor of naringin predominates in citrus molasses, the palata- 
bility of the product for dairy cows was questioned. Two brief conclusive 
palatability trials were conducted with the Jersey cows in the Experiment 
Station dairy herd using different levels of molasses. Since a 9 per cent 
level of blackstrap (sugarcane) molasses is the amount present in many 
commercially mixed dairy feeds five per cent of citrus molasses was incor- 
porated into home-mixed concentrates. Twenty-five cows were offered 2 
pounds each of the molasses-concentrates after consuming their regular 
afternoon allowance of feed. All of the feed was consumed without hesita- 
tion. On the second day,. 10 pounds of citrus molasses were incorporated 
with 90 pounds of concentrates ; offered in the same manner, and consumed 
completely by the 25 animals. 

Thirty-four Jersey and Guernsey cows were offered straight citrus molas- 
ses from one to three times while in the stanchions. Twenty-six animals 
refused it on first offering, 17 on the second, and 8 on the third offering. 
Eleven cows ate all of the citrus molasses ; 7 took part ; 5 tasted it, and three 
others ate all when mixed feed was sprinkled beside it. When offered first, 
the majority of cows did not care for the pure product, the proportion de- 
creasing on later offerings. It is believed that cows would learn to take this 
feed, but it appears undesirable for feeding separately. 

EFFECT ON MILK FLAVOR 

Does citrus molasses affect the flavor of milk? To answer this question 
individual milk samples were obtained from four Jersey cows after being in 
dry lot 10 hours without feed. On other days, citrus molasses was added as 
10 per cent of the mixed concentrates, fed 2 hours pr jor to milking time, and 
additional milk samples obtained. Samples from the complete milking were 
collected in milk bottles, cooled immediately in ice water and held at 35° P. 
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TABLE 2 

Effect of citrus molasses on the flavor of millc, as scored hy 3 judges* 


Cow No. 

664 655 708 737 


Average 


Coivs received no feed 10 hours prior to miXking ; 2 trials 

Average score 38.1 ' 37.7 38.7 38.7 38.3 

Cows received molasses-concentrate feed 2. hours prior to 
milking; 4 trials 

Average score 35.1 38.1 37.2 38.0 37.1 

* The samples were scored according to the American Dairy Science Association score 
card, which allows 45 points for favor. 

for 15 hours. The samples then were pasteurized at 143° F. for 30 minutes ; 
cooled to 60° F., and scored for flavor by 3 experienced judges. 

The average flavor score of milk obtained when no feed was consumed by 
the cows 10 hours before milking, was only 1.2 points higher than when 
mixed concentrates containing 10 per cent of citrus molasses were fed 2 
hours before milking. At least part of this difference in score can be at- 
tributed to the concentrate mixture itself. Also, the milk from cow No. 664 
increased in saltiness during the course of the experiment. While some feed 
flavors were noted, they were neither intense nor objectionable. It is be- 
lieved that if this product was fed at milking time, no noticeable effect on 
flavor of milk would result. 


CITRUS MOLASSES IN GRASS SILAGE 

Blackstrap molasses is used in ensiling grasses and legumes. In its 
stead, a trial was conducted using Napier grass {Fenyiisetum purpnreum 
Schuinach), ensiled without molasses, 2 levels of citrus molasses with Napier 
■grass and one level with pigeon peas (Cajanus mdicus Spreng.). The lev- 
els of citrus molasses used with the forage are shown in table 3. 

The relative palatability of these four silages wms observed with nine 
Jersey heifers, based upon the number of animals eating each silage, and 
the heifers showed a decided preference for the molasses-Napier over the 


TABLE 3 

Effect of ensiling N'apier grass and pigeon peas with citrus moJasseSf upon 
its palatahility to Jersey heifers 


Forage 

Proportion of citrns 
molasses added 

Aroma of 
silage 

pH 

Preference 
of heifers 

Napier grass 

% 

0 

Pair to good 

4.08 

3rd 

ti a 

2 

Excellent 

3.86 

1st 

a £ c 

4 

Excellent 

3.95 

2nd 

Pigeon peas 

, 4 

Good 

5.08 

4th 
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plain Napier silage. Although the pigeon pea silage rated fourth in palata- 
bility, it ensiled well with the added citrus molasses, and had a desirable 
aroma. 


SUMMARY AND CONCLUSIONS 

Citrus molasses is replacing cane molasses in part of the mixed dairy 
feeds. Over 4700 tons were obtained in the second year of operation, it 
being recovered along with dried citrus pulp as bj^-prodiicts of the citrus 
canning industry. Reducing and non-reducing sugars constitute two-thirds 
of the dry matter. No fiber, little fat, 4 per cent of crude protein, and over 
0.9 per cent of calcium citrate were present. Values of 1.4 per cent of 
digestible crude protein and 56.7 per cent of total digestible nutrients were 
estimated by applying the digestion coefficients for beet and cane molasses. 

Dairy cows found citrus molasses highly palatable mixed in concentrates 
at 5 and 10 per cent levels, but much less so when first offered separately. A 
slight feed fiavor was imparted to milk when fed 2 hours before milking' 
time. The fiavor was neither intense nor objectionable. 

Additions of citrus molasses to a non-saccharin grass (Napier) at 2 and 
4 per cent levels improved aroma and palatability of the silage. Pigeon 
peas ensiled satisfactorily with a 4 per cent addition of citrus molasses. 
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THE EFFECT OP FEEDING COTTONSEED MEAL AS THE ONLY 
CONCENTEATE ON SEVERAL PROPERTIES OP MILK. 

I. FAT, TOTAL SOLIDS AND ASH CONTENT* 

P. G. MILLER AND G. H. WISE 

Dairy Department , South Carolina Agricultural Experiment Station, C'lemson 

Cottonseed meal has been one of the most commonly used protein supple- 
ments for dairy eo^vs. In the southern states where this meal is the principal 
locally-produced concentrate feed, it is usually the cheapest source not only 
of protein but also of total digestible nutrients available to the dairyman. 
Therefore, it is often economical to feed cottonseed meal as the only eoneeii- 
trate to dairy cows. 

Eesearch work at various stations (5, 7, 9, 10, 13, 14, 16) indicate that 
cottonseed meal is a satisfactory concentrate for dairy cows when it is sup- 
plemented with adequate amounts of vitamin A and calcium. 

It is recognized that many factors may cause variations in the composi- 
tion of milk. The results of numerous experiments indicate that the fat, 
the most variable constituent of milk, cannot be altered permanently to any 
marked degree when the cow receives what is considered as an adequate 
ration, but many feeds of high oil content, including cottonseed meal, have 
been shown to cause at least a temporary increase in the fat percentage 
(1, 2). In contrast prickly pear and certain oils, such as cod liver oil, have 
been found to decrease the fat percentage (11, 21). Furthermore, it is 
extremely difficult to relate directly the variations in the solids-not-fat and 
the ash of the milk to the feed of the cow. Taylor and Husband (20) and 
other workers have shown that feed can alter the composition of milk in- 
directly through an effect on the milk production. The percentage of total 
solids, of fat and of ash usually is found to vary inversely and the percentage 
of lactose directly with the volume of milk yielded. Recently Riddet et al. 
(18) have confirmed observations that subnormal feeding results in a de- 
crease of the percentage of solids-not-fat in milk along with a reduction in 
volume produced. 

Since general economic and nutritional conditions in the South indicate 
the need of conserving and utilizing all the constituents of milk for human 
consumption, this study was concerned primarily with the effect of cotton- 
seed meal on the milk solids collectively as well as individually. 

EXPERIMENTAL 

The effects of feeding cottonseed meal as the only concentrate to dairy 
cows were studied by comparing the properties of the milk produced by a 

Received for publication September 3, 1943. 
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oToiip of COWS receiving cottonseed meal (plus 2 per cent bone meal and 1 
per cent salt) with the properties of milk produced by a similar group 
receiving a coneeiitrate mixture of 400 pounds corn gluten meal, 200 pounds 
wheat bran, 200 pounds ground corn, 200 pounds ground oats (plus 2 per 
cent bone meal and 1 per cent salt) . The roughage received was the same 
for the two groups, either corn and soybean silage or pasture. 

The cows used in this experiment \vere carefully selected from the Hol- 
stein herd so that each cow on the cottonseed meal ration was paired with a 
comparable cow on the control ration. An attempt wus made to maintain 
from eight to ten cows in each group ; however, at times the number dropped 
to five cows per group. 

A comparison of the milk from the two groups as to total solids, fat and 
ash content (4) over a period of sixteen months is presented in figure 1. 


p-ecNi'noi, 
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Fig, 1. Tlie total solids, solids-not-£at, fat, ratio of fat to solids-iiot-fat and asli in 
tlie milk produced by a group of cows receiving cottonseed meal as the only concentrate 
compared with the same constituents in the milk produced by a similar group receiving a 
nornjal concentrate mixture. 

During the first four months the groups were receiving their respective 
rations, no differences were evident in the fat and total solids content of the 
milks. After this time, the milk prodnced by the cows receiving the cotton- 
seed meal began to have a consistently lovrer fat and total solids content than 
the milk from the control group. An exception to this difference in fat con- 
tent occurred for a brief time when the cows were released on pasture in 
May. 

The solids-not-fat content of the milk from the two groups follows the 
same trend as the total solids and fat. The ratio of the solids-not-fat to fat 
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indicates that there was a tendency for the fat to be lower in proportion to 
the solids-not-fat in the milk from the cottonseed meal group than in that 
from the control group. This tendency did not hold true during the period 
the roughage was being interchanged with silage and pasture. 

The ash content of the milk from the two groups of cows showed no sig- 
nificant differences until the cows were turned on pasture. This change in 
roughage Teas accompanied by a drop in the ash of the milk from the cows 
receiving the cottonseed meal. The ash increased when the cows were re- 
turned to silage, but dropped again when returned to pasture and then 
remained low even though the cows were once more fed silage. 

DISCUSSION 

It may be significant that four months on the rations elapsed before any 
differences in total solids and fat became evident. The differences in the 
composition of the milk from the two groups showed no apparent correlation 
with the quantity of milk produced (unpublished data) except for the higher 
fat and low-er production from the cottonseed meal group at the time the 
COW'S w’ere first turned on pasture in May. At this stage, several individuals 
of the cottonseed meal group undeiuvent a temporary physiological upset 
characterized by anorexia, decreased milk production and abortions. At the 
same time, the production of the control group increased and the general 
health of the animals remained good. Under these conditions variations in 
the composition of the milk w^ere to be expected. The question as to whether 
the effects on the eow^s in the test w'ere related to the cottonseed meal ration 
or to some other factor or factors coincidental with the progress of the ex- 
periment remains unanswered. There was no definite indication that the 
COW’S w’ere suffering at any time from either a vitamin A or a calcium 
deficiency. 

After the differences in composition of the milk from the tw’o groups had 
become established, it w’as planned to reverse the groups, but so many eow^s 
had to be removed from the cottonseed meal ration that the group became 
too small to continue. Another paired series, using Jerseys, was placed on 
a similar regime. After a period of about four months, the same differences 
ill fat and total solids observed in the milk of the Holstein groups became 
evident in the Jerseys; but since still more difficulty w^as experienced in 
maintaining the organization of these groups, the results cannot be accepted 
as definite confirmation of the data reported for the Holsteins. 

Hills et al. (12) and Perkins ( 17 ) concluded from their investigations 
that the level of protein feeding does not affect the composition of milk. On 
the contrary, Stewart and Tocher ( 19 ) observed a decrease in percentage of 
solids-not-fat from feeding a high protein ration, and Keith ef aL (15) re- 
ported a low’er fat and specific gravity in the milk produced on a ration of 
cottonseed meal and prairie hay than in the milk produced on a standard 
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lierd ration. Althongli there were other factors involved in the experiment 
reported in this article, the results indicate that the level of protein feeding 
might aifect the composition of the milk. 

The differences in ash content of the milk from the two groups tended 
to follow the same trends as the differences in solids-not-fat. Becker et al. 
(6) found that calcium and phosphorus of milk remained normal even 
though the cows -were suffering from a severe deficiency of these elements. 
This is in accord with the general belief that feed does not directly affect the 
ash content of milk (8). On the other hand, it has been shown that certain 
elements of the ash can be increased by feed (3) . Interesting results might 
have been obtained from a study of the elemental composition of the ash of 
the milk from the two groups. 

SUMMARY 

The percentage of fat, total solids and ash of the milk produced by a 
group of Holstein cows receiving cottonseed meal as the only concentrate 
was compared with that of a similar group receiving a mixture of corn 
gluten meal, wheat bran, ground corn and oats. The roughage was the same 
for the two groups. The data collected covered a feeding period of sixteen 
consecutive months. 

Pour months after placing the animals on their respective experimental 
rations the milk produced by the group receiving the cottonseed meal ration 
had a lower percentage of total solids, fat and solids-not-fat than that from 
the control group. Later the ash content likewise became lower. 
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THE EFFECT OF FEEDING COTTONSEED MEAL AS THE ONLY 
CONCENTRATE ON SEVERAL PROPERTIES OP MILK. 

II. NITROGEN DISTRIBUTION* 

P. 6. MILLEE AND G. H. WISE 

Dairy Department, South Carolina Agricultural Experiment Station, Clemson 

Investigations (2, 5, 9, 11) have shown that feeding a high level of 
protein increases the non-protein nitrogen content of the milk. Although 
this is generally accepted to be the only direct effect of feed on the nitrogen 
composition of milk, some investigators (3, 10) have observed a slight 
variation in other nitrogen fractions accompanying changes in the level of 
protein feeding. 

In a preceding report (4) the total solids, the fat and the ash content 
of the milk produced by a group of cows receiving cottonseed meal as the 
only concentrate were compared with the content of the same constituents 
in the milk produced by a comparable group of cows receiving a normal 
concentrate mixture. Since any major change in the nitrogen fractions of 
milk may be expected to influence its manufacturing characteristics, an 
additional study of the properties of the milk from the foregoing groups 
included determinations of the nitrogen distribution of the milk. 

EXPERIMENTAL 

The total nitrogen, the casein nitrogen, the non-casein protein nitrogen 
and the non-protein nitrogen (7) in the milk produced by the two groups 
of coivs are presented in figure 1. 

Immediately after placing the cow’^s on their respective concentrate 
rations, the non-protein nitrogen in the milk from the cottonseed meal group 
increased • whereas that from the control group decreased slightly. For the 
most part, this difference was uniform throughout the remainder of the 
experimental period. This parallelism was maintained even though there 
were variations from time to time in the level of the non-protein nitrogen. 
When the animals w^ere released on pasture, this nitrogen fraction increased, 
and when silage feeding was resumed, it decreased. 

The non-casein protein nitrogen fraction of the milk from the two 
groups showed no difference that could be attributed to the rations. 

During the first four months, no differences were evident in the casein 
nitrogen content of the two milks. After this period, when a difference in 
fat and total solids w^as observed (4), the milk from the cottonseed meal 
group had a lower casein nitrogen content than the milk from the control 

Eeceived for publication September 3, 1943. 
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group. This difference was aceeiitiiated when the cows were turned on the 
pasture, particularly during the first grazing period. The precipitous drop 
in this eonstitiient noted during this period was associated with a change 
ill the physiological condition of several cows in the cottonseed meal 
group (4). 



Pig. 1. The amount of total nitrogen, casein nitrogen, non-casein protein nitrogen 
and non-protein nitrogen in milk produced by a group of cows receiving cottonseed meal 
as the only concentrate compared with the same nitrogen fractions in the milk x)3:odueed 
hy a comparable group of cows receiving a normal concentrate mixture. 

Apparently the differences in the level of the total nitrogen in the milks 
from the two groups were due primarily to the relative levels of the non- 
protein nitrogen and the casein nitrogen fractions. The increase in non- 
protein nitrogen in the milk from the cottonseed meal group tended to 
increase the total nitrogen to a higher level than that in the milk from the 
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control group until changes in the casein nitrogen began to counterbalance 
the effects of the non-protein nitrogen. The reduction of the casein nitrogen 
ill the milk from the cottonseed meal group apparentlr was sufficient to 
offset the higher non-protein nitrogen. Hence, the total nitrogen was first 



Fig. 2. Tlie per cent of total nitrogen as casein, non-casein protein and non-protein 
nitrogen, and the per cent of total solids and of solids-not-tat as casein nitrogen in the 
milk produced by a group of cows receiving cottonseed meal as the only concentrate com- 
pared with the same nitrogen distribution in the milk produced by a comparable group of 
cows receiving a normal concentrate mixture. 

higher and then lower in the milk from the cottonseed meal group than in 
the milk from the control group. 

The two sets of curves for casein nitrogen, figure 2, show that this 
fraction calculated as per cent of the solids-not-fat follows the same trend 
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and shows the same general group relationships as it does when expressed 
ill terms of grams per 100 milliliters of milk, figure 1. However, when ex- 
pressed on a basis of per cent of the total solids in the milk, the aforemen- 
tioned apparent differences between the tivo milks was not in evidence, 
except for the period when the cows were physically upset. This indicates 
that the fat (4) in the milk decreased sufficiently to keep the ratio of casein 
nitrogen to total solids in the milk from the cottonseed meal group about 
equal to the same ratio for the milk from the control group. 

The remaining three sets of curves presented in figure 2 show the distri- 
bution of the total nitrogen as casein, non-casein protein and non-protein 
nitrogen. The lower percentage of casein nitrogen from the cottonseed meal 
group, as compared wdth that of the control group, is due partly to a dilut- 
ing effect of the increased non-protein nitrogen and partly to a definite low^'er 
casein in relation to the solids-not-fat. 

DISCUSSION 

The high non-protein nitrogen observed in the milk from the group 
receiving cottonseed meal is in agreement with reports (2, 5, 9, 11) that the 
level of protein feeding affects directly the amount of non-protein nitrogen 
present in the milk. 

Most of the published reports indicate that the protein nitrogen in the 
milk is not affected by the level of protein feeding, although a slight increase 
has been observed. Stewart and Tocher (10) reported that albumin and 
globulin were increased but that casein was not affected. Hills ei aL (3) 
found a slight increase in the casein-albumin fraction with an increasing 
level of protein feeding. The results reported in this article indicate that 
the albumin and the globulin apparently were not affected by feed ; whereas 
casein instead of being increased actually wm lowwed by cottonseed meal 
feeding. 

Riddet et aL (6) observed that casein w-as decreased by subnormal feed- 
ing, but the cows in the experiment reported in the present article hardly 
could be considered on a subnormal ration in terms of total digestible 
nutrients. Davies (1) found that milk low in solids-not-fat w^as also low in 
casein and especially low in lactose but high in non-protein nitrogen, 
albumin, and globulin nitrogen. If the amount of lactose is calculated from 
the results reported here (4), the doubtful condition of both a low lactose 
content and a low ash is shown in the milk from the cows receiving cotton- 
seed meal as compared with milk from the control group. 

Using Eowdand’s (8) value of 77.0 as the low^er limit for casein nitrogen, 
expressed as per cent of total nitrogen for normal milk, the cows on the 
cottonseed meal ration could be considered as secreting abnormal milk after 
being on this ration about three months. Rowland has indicated that 
milk of this type is characteristic of that from cow^s suffering from sub- 
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clinical mastitis. Altlioiigli no special study was made regarding this 
point, there were no apparent indications that the cottonseed meal group 
of cows was any more susceptible to udder troubles than the control group. 

Results from the groups of Jerseys mentioned in a previous article (4) 
tended to confirm the effects of cottonseed meal feeding on the non-protein 
and casein nitrogen of milk as reported in this article. 

SUMMARY 

The nitrogen distribution of the milk produced by a group of cows receiv- 
ing cottonseed meal as the only concentrate was compared with that of milk 
from a comparable group receiving a concentrate mixture of corn gluten 
meal, wheat bran, and ground corn and oats. The roughage was the same 
for the two groups. 

The milk from the cottonseed meal group had a higher non-protein 
nitrogen content than that from the control group. 

The two systems of feeding resulted in no apparent differences in the 
non-casein protein nitrogen content of the milk. 

About four months after placing the cows on their respective experi- 
mental rations, the group receiving cottonseed meal as the only concentrate 
began to produce milk of a lower casein nitrogen content than did the 
control group. 

The comparatively lower casein nitrogen was accompanied by a lower 
fat and total solids content in such a ratio that the casein nitrogen expressed 
as per cent of total solids was the same for both groups. 

Differences in the total nitrogen content of the two milks were dependent 
on the relative levels of non-protein and casein nitrogen; hence the total 
nitrogen wns first higher and then lower in the milk from the cottonseed 
meal group than in the control group. 

The quantity of milk produced by the two groups of cows was essentially 
the same ; therefore the differences in properties of the milk reported in this 
series of articles cannot be related to the milk yields. 
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THE EFFECT OF FEEDING COTTONSEED MEAL AS THE ONLY 
CONCENTEATB ON SEVEEAL PEOPEETIBS OP MILK. III. 
pH, EENNET COAGULATION, HEAT COAGULATION 
AND CUED TENSION=^ 

P. G. MILLER AND G, H. WISE 

Dairy Deyartmentj SoitfJi Carolma Agricultural Experiment Statm, Clemson 

Any factor altering the composition of milk may be expected to affect the 
physicahchemieal properties of the milk, while the physicaLchemieal proper- 
ties of milk can be altered wdtliont any detectable change in milk compo- 
sition. For instance, an affect on the rennet coagulation of milk may or may 
not be accompanied by a detectable change in milk composition (5, 6, 11, 13). 

The belief that feed does not directly affect the composition of the milk 
has led to the general opinion that such properties as pH, rennet coagulation, 
heat coagulation, and curd tension are likewise not affected by the ration. 
Investigations have shown that acids in the ration do not alter the acidity 
of the milk (1, 10). Neither factors affecting the curd tension of milk (2) 
nor other coagulation characteristics of milk have been definitely related to 
the feed consumed by the cow. 

In preceding reports the total solids, the fat and the ash content (8) and 
the nitrogen distribution (9) in the milk produced by a group of cows 
receiving cottonseed meal as the only concentrate were compared with the 
same properties in milk produced by a comparable group of cows receiving 
a normal concentrate mixture. The cottonseed meal group of cows produced 
milk of a lower solids content than the control group ; hence, other properties 
of the milk might be expected to have been affected. Thus additional data 
from milk samples previously described (8, 9) are presented in this report. 

experimental 

The hydrogen ion concentration of the milk samples was determined with 
a glass electrode pH meter. The rennet coagulation time was obtained by 
the procedure as outlined by Sommer and Matsen (12). The heat coagu- 
lation was studied by recording the time required for the milk to coagulate 
when sealed in small glass tubes and immersed and agitated in an oil bath 
at 136° C. (7) . The effect of small changes in the salt balance of the milk on 
the heat coagulation was determined by recording the time required for 
coagulation of various milk samples to which calcium acetate and sodium 
diphosphate, respectively, had been added at the rate of 0.4 ml. of M/4 salt 
per 50 ml. of milk. The procedure recommended by the Committee on 
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Methods of Determining the Curd Tension of Milk (3) was used for studying 
the curd tension of the milk samples. In addition to the determination of 
the inaximmn grams required for cutting* the surface the weight for cutting 
the body of the curd also "was recorded. 

A comparison of the pH, the rennet coagulation, the heat coagulation and 
the curd tension of the respective milks produced by the two groups of cow^s 
is presented in figure 1. 

The milk from the cottonseed meal group had a slightly but consistently 
higher pH than the milk from the control group during the first few months 



Fig. 1. The pH, rennet coagulation, heat coagulation and curd tension of the milk 
produced by a group of cows receiving cottonseed meal as the only concentrate as com- 
pared with the same properties of the milk produced by a comparable group receiving a 
normal concentrate mixture. 


of the feeding trial. The change from silage feeding to pasture grazing was 
accompanied by a still greater spread in the pH values of the two milks, the 
increased difference persisting throughout the remainder of the trial. 

After the first four months, when the milk from the cottonseed meal 
group began to have a lower solids content (8), the rennet coagulation time 
for this milk began to be slightly greater than for the control milk. A few 
w-eeks after turning the cows on pasture the rennet coagulation time for the 
milk from the cottonseed meal group increased markedly over a period of 
about three months and then gradually returned to near the normal level 
after silage feeding was resumed. 
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The heat coagulation of the milks showed no uniform and definite differ- 
ences ; however, when the cows were changed back and forth from pasture 
to silage, the heat coagulation of the milk from both groups fluctuated con- 
siderably, the milk from the group on the cottonseed meal ration tending to 
be more stable to heat than that from the control group. 



AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV 


Fig. 2. The effects of added salts on the pH and the heat coagulation, and the dif- 
ferences between surface and body cm*d tension of the niilks produced by the groups of 
cows on a cottonseed meal and control rations. 

During the first few months the curd tension of the milk from the cotton- 
seed meal group was higher, but for the remainder of the trial it was lower 
than that from the control group. There seemed to be a direct relationship 
between the lower solids content of the milk (8) and the lower curd tension. 
As shown in figure 2 there is a marked parallelism between the surface curd 
tension and the body cnrd tension in the respieetive samples of milk. 
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Tlie additions of calcium acetate and of di-sodiiim phosphate to the milks 
had the same elfect on the pH of the two milks, hut different effects on the 
heat coagulation as is indicated by the curves presented in figure 2. The 
addition of phosphate always increased and the addition of calciuin always 
decreased the pH of the milk samples. The heat coagulation time for the 
milk from the control group usually was decreased by the addition of either 
salt ; whereas the addition of the calcium salt usually increased while phos- 
phate decreased the heat stability of the milk from the cottonseed meal 
group. 

DISCUSSION 

The general differences between the milk from the cottonseed meal group 
and that from the control group in pH, rennet coagulation, heat coagulation 
and curd tension follow, for the most part, trends that could be predicted 
from the differences in the composition of the milks (8). 

The higher |)H of the milk from the cottonseed meal group in comparison 
with the milk from the control group is in accord with the lower solids-not- 
fat content of the cottonseed meal milk. Keith ei al. (4) observed these same 
general differences in a comparison of milk produced by a group of J erseys 
receiving cottonseed meal and prairie hay with that from a similar group 
receiving a standard herd ration. 

The lower solids in the milk from the cottonseed meal group would 
account for a longer rennet coagulation time than for the milk from the 
control group. The difference in ash content of the two milks is also in 
harmony with the differences in rennet coagulation time. The marked 
increase in coagulation time for the group from the cottonseed meal group 
occurred following a physical upset of the cows on the cottonseed meal 
ration (8). This prolonged increase in the rennet coagulation time was 
probably associated with the physiological condition of the cows. 

The effects on the heat coagulation of the milks from the two groups were 
variable, but the results revealed a difference in the heat stability. The 
differences in coagulation time and in composition of the comparative wdiole 
milks suggested that a difference in the heat stability of their evaporated 
products might be expected. 

SUMMARY 

The pH, rennet coagulation, heat coagulation and curd tension of tlie 
milk produced by a group of cows receiving cottonseed meal as the only 
concentrate were compared wdth the same properties of milk produced by a 
comparable group of cows receiving a normal concentrate mixture. 

These properties of the milks follow the same general trend as the differ- 
ences in composition of the two milks. 

The milk from the cottonseed meal group had a higher pH than that from 
the control group. The slight difference observed during the first few 
months increased as the difference in total solids increaKsed. 
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Tlie milk from tiie cottonseed meal group required longer to coagulate 
by rennet than tliat from the control group after about the first five months 
of the feeding trial. 

Variable differences were recorded for the heat coagulation of the milks. 
The data suggest a practical problem relative to the heat stability of the 
evaporated products produced from milk of cows receiving a high level of 
cottonseed meal in the ration. 
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THE EFFECT OF FEEDING COTTONSEED MEAL AS THE ONLY 
CONCENTEATE ON SEVERAL PROPERTIES OF MILK. 

IV. FAT CONSTANTS* 
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Xiimeroiis reports in the literature show that many feeds affect the coiii- 
positioii of milk fat. A great number of these records are concerned with 
cottonseed and cottonseed products as dairy feeds. Although most of the 
iuTestigations recorded are in agreement relative to the specific effects of 
cottonseed meal upon the fat properties, the few discrepancies noted may be 
explained partially on the basis of the role played by such factors as length 
of feeding period, type of basal ration, method of comparison, etc., on the 
nature and degree of alteration of milk fat, 

Host of the studies of the effect of feeding cottonseed meal on milk fat 
composition have been for short periods, and many of the investigators have 
given little consideration to the type of basal ration and to the maintenance 
of adequate control groups of cows. 

Since the composition of the fat is known to be influenced easily by feeds 
and since the effects of cottonseed meal feeding over a short duration of time 
have been fairly well established, it was deemed desirable to determine the 
comparative effects of protracted cottonseed meal feeding on some of the con- 
stants of the fat from the milk samples obtained under conditions previously 
reported (2, 3, 4). Furthermore, since the composition of the fat has been 
shovm to be related to its susceptibility to oxidation (5), observations were 
made on the comparative effects of the feeds on the oxidation of filtered 
milk fat. 

EXPERIMENTAL 

The fat samples were obtained from milk produced by two comparative 
groups of cows, one of which received cottonseed meal as the only concen- 
trate, while the other received a normal grain mixture. The respective milk 
samples were pasteurized and churned. The resulting butter was then 
melted and filtered for subsequent study. 

The saponification number, iodine number, Reiehert-Meissl number, 
butyro-refractometer degrees, stability value (5) and acid degree of the fat 
samples were determined. The data obtained are presented in figure 1 and 
in table 1. 

The milk fat from the cottonseed meal group had a lower saponification 
number than that from the control group, a relationship which would be 
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predicted from a review of tlie literature. However, for a short period 
during the sixth and seveiith months of the feeding trial this difference wns 
practically nil. It is not known whether the latter deviation from the ex- 
pected results Avas due to the ration or to some other cause. 

For most of the feeding period the milk fat from the cottonseed meal 
group had a higher iodine number than that of the control group. During 
the seventh month, the iodine number, as did the saponification number, 
failed to show the expected difference in the two milk fats, "^"^hile the eoivs 
were being transferred back and forth from silage to pasture, the differences 



Fig. 1 . The saponification number, iodine number, Reiehert-Meissl number and 
butyro-refractometer degrees of the milk fat produced by a group of cows receiving cot- 
tonseed meal as the only concentrate as compared with the same fat constants of the milk 
fat produced by a comparable group of cows receiving a normal concentrate mixture. 

in the iodine number were variable, which is in harmony with the results 
presented in the literature. The iodine number is easily influenced not only 
by the concentrate but also by the type of roughage. The effects of a change 
in rou^age on the iodine number depend upon the concentrate fed ; hence, 
the variaBle results obtained during these sudden changes in ronghage might 
have been expected. 

The Eeichert-Meissi numbers obtained show^ the greatest deviation from 
the expected. During the first nine months of the feeding trial, these values 
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for the milk fat produced by the two groups were practically the same. For 
the remainder of the trial the milk fat from the cottonseed meal group had 
the lower Reichert-Meissl number as expected. Although the effects of oil 
feeds are known to be modified by silage and by pasture, neither this nor 
any other known factor explains adequately the long time required for the 
eottonseeed meal to affect the volatile acids of the milk fat. 

The refractive index wus the only fat constants that revealed a con- 
sistent difference between the milk fats from the twn groups of cows. The 
milk fat from the cottonseed meal group alwaj^s had a higher refractometer 
reading than that of the control group. Most of the reports in the literature 
show a similar increase of the refractive index resulting from the feeding 
of cottonseed and its products. 


TABLE 1 


The stability value and acid degree of mill' fat produced by cows receiving cottonseed 
meal as the only concentrate compared with mill fat fj'om cows 
receiving a normal grain mixture 


Bate sampled 

Stability value 

! xAcid degree 

C.S.M. 

Control 

C.S.M. 

Control 

7-24-40 

27.5 

32.0 

0.42 

0.56 

8- 6-40 

34.5 

33.5 

0.65 

1.35 

8-20-40 

32.0 

33.0 

i 0.57 ' 

0.60 

9- 3-40 

32.0 

36.0 

0.54 

0.78 

9-17-40 

28.5 

39.0 

0.62 

0.72 

10- 1-40 

26.0 

32.0 

0.70 1 

0.57 

10-15-40 

21.0 

25.0 

0.60 

0.58 

10-29-40 

28.0 

35.0 

0.58 

0.58 

11-12-40 i 

18.0 

30.0 

0.74 

0.54 

11-26-40 

34.0 

37.0 

0.56 

0.43 


A number of factors are knowm to affect the values obtained in the deter- 
mination of the susceptibility of fat to oxidation. After eliminating the 
possibility of the usually recognized sources of error, it was found that an 
additional factor, the presence of free fatty acids, had a greater influence 
on fat oxidation than anticipated (1). Before the effect of feed could he 
measured, it was necessary to eliminate the possibility of even slight lipolytic 
action on the milk fat, 

A few comparisons of the stability value (5) and of the acid degree of 
the milk fat produced by the two groups of cows are presented in table 1. 
The milk fat from the cottonseed meal group w^as found to be less stable 
toward oxidation than that of the control group. This agrees with investi- 
gations showing that the stability of filtered fat varies with the degree of 
unsatiiration. No consistent difference was observed in acid degree between 
the two milk fats. Unpublished preliminary work on the determination 
of free fatty acids in milk show^s that the churning method probably is not 
a reliable procedure for obtaining fat for use in measuring the free fatty 
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acids ill milk. Tims the acid degrees presented herein may or may not 
represent the true relative values. 

SUMMARY 

In general the feeding of cottonseed meal as the only concentrate as com- 
pared with feeding a normal grain mixture decreased the saponification 
niiinber and increased the iodine number and the refractive index. The ex- 
pected decrease in Reichert-Meissl number did not become evident until 
after nine months of the feeding period had passed. 

In a similar comparison, the milk fat from the cottonseed meal group 
w^as less stable tow^ard oxidation than that from the control group. No dif- 
ference in acid degree of the two milk fats Avas detected. 
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THE COEEELATION BETWEEN SOME CHAEACTEEISTICS OF 
DAIEY BULL SEMEN AND CONCEPTION RATE^ 
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The accurate evaliiatioii of freshly drawn and stored bull semen before 
use is of prime importance in aidifieial insemination. The detection before 
use and discarding of semen samples likely to result in poor conception rates 
is most important in securing maximum efficiency. The physical and eliemi- 
eai characteristics which have been commonly proposed for the evaluation 
of semen are pH, coneentration, motility, viability in storage, percentage of 
abnorniai sperm, glycolysis rate, respmation rate, reduction tests, resistance 
to various shock treatments, percentage of live sperm, etc. This paper 
reports a study of the correlation between the first five of the characteristics 
listed above and the conception rate of the semen as used in the University 
of Missouri Dairy Herd. 


MATERIALS AND METHODS 

The semen studied was largely from University of Missouri bulls of the 
Holstein-Friesian, Guernsey and Jersey breeds. Cows inseminated were 
nearly all in tiie University of Missouri herd, but a few cows and bulls in 
outside herds have been included in the data. Semen from twenty-three 
bulls was studied. The bulls studied represented ail phases of fertility from 
practically sterile to highly fertile. The bulls ranged from fifteen months 
to thirteen years of age. 

All inseminations were made by cervical deposition by the use of a specu- 
lum as described by Herman and Eagsdale (4). Pregnancy determinations 
have been supported iii most cases by calvings, and in others by manual 
examinations for presence of fetus or failure of cow to return to heat within 
90 days after insemination. The data cover the years 1940 to 1942 and the 
early part of 1943. Insemination of cows 'which never conceived or were 
known to have malfunction of the ovaries or other reproductive trouble were 
omitted from the study. 

The methods used in examination of the semen have been described 
previously (5). These were simple tests wUieh could he done satisfactorily 
■with little technical skill. The rating of motility from 0 to 5 lacks somewhat 
in precision, and further study of accurately counting the motile sperm 
shows that a small number of very active spermatozoa may make the semen 
appear as good in motility as a larger number of slowdy moving sperm. 
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Since the vigor of motion as well as the amount is an important test of fer- 
tility (2, 7)j the rating method niaj” be of great value in spite of its error 
in estimating the actual number of sperm which are motile. Actual counts 
have shown that the previously estimated percentage of motile sperm for the 
diiferent ratings was too high. Semen of 5 motility has about 80 per cent 
or more progressively motile sperm ; 4 motility, 70 to 85 per cent; 3 motility, 
45 to 75 per cent ; 2 motility, 20 to 50 per cent ; and 1 motility is usually 
below 25 per cent of progressively motile sperm. 

Since two or more cows were seldom inseminated with any one sample 
of semen, the data were grouped to facilitate correlation analysis. All 
inseminations were tabulated in class interval groups of the semen character- 
istic as to whether or not they resulted in conception, and the percentage of 
samples resulting in conception was calculated for each group. The coeffi- 
cients of linear correlation, r, were then determined for the various semen 
characteristics and conception rate. 

RESULTS 

The results secured are presented graphically in figure 1 for all of the 
characteristics studied except pH. The impoidance of pH readings was in 
doubt early in the period covered, hence the pH of all samples was not deter- 
mined as a routine procedure. The pH of semen used for 205 inseminations 
was recorded, however. These were grouped in classes of 0.2 pH unit inter- 
val from pH 5.8 to 7.4. The correlation coefficient, r, for pH and conception 
rate was -0.18 which indicated that there certainly was not a correlation 
between the two. 

The percentage of abnormally shaped sperm in semen used in 525 insemi- 
nations wus tabulated in groups at intervals of 3 per cent from 0 to 30 per 
cent. As shovm by the chart (fig. 1) and the cori'elation coefficient of - 0.12 
there was no correlation between conception rate and percentage of abnor- 
mal spermatozoa in the range studied. Bulls producing extremely large 
numbers of abnormally shaped sperm, however, may be low in fertility (5). 

The concentration of sperm in semen used in 559 inseminations was 
tabulated in groups at intervals of 200 per mm.® from 200 to 2000. As 
shown in figure 1 there was a slight tendency for the more concentrated 
semen to produce a larger percentage of conceptions. The correlation coeffi- 
cient, 0.63, was just short of significance, since an r of 0.666 is required (3) 
for the expression of a significant correlation within a probability of 0,05. 
The concentration of sperm was, therefore, not an important factor in the 
determination of conception rate. . 

Semen used in 475 inseminations was tabulated as to the length of time 
a motility rating as good as 2 was maintained in the undiluted semen during 
storage at 40° F. Daily motility ratings of the stored semen were made; so 
the samples were grouped at intervals of 24 hours up to 192 hours. Forty- 
one per cent of inseminations from semen that kept a motility rating of 2 for 
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less than one day after use produced conceptions. As viability of tlie semen 
increased the conception rate increased until 68 i^er cent of inseminations 
with the most viable semen group resulted in conception. The correlation 
coefficient, 0.84, showed that there was a highly significant linear correlation 
between viability of the sperm in storage and their ability to produce 
pregnancy. 

The motility ratings of semen used in 565 inseminations were tabulated 
according to the fertility of the semen. As shown in figure 1, plotting the 
niotilit}" ratings against conception rate did not indicate a linear correlation. 



Fig. 1, The correlation between conception rate and semen quality as expressed by 
motility estimation, viability, concentration of sperm, and abnormal morphology of sperm. 

Conception rate from semen of 1 motility w^as very poor. Semen that was 
2 motility was not very satisfactory since only 43 per cent of such insemi- 
nations resulted in eoiieeption. Semen of 3 motility was correspondingly 
better than semen of 2 motility as 2 had been better than 1. Conception rate 
of semen which was rated 4 and 5, however, was not significantly different 
from that of semen rated only 3, although semen rated 5 motility did give 
the best conception rate. The relation between motility rating and concep- 
tion rate was therefore curvilinear. Conception I'ate increased as motility 
increased up to the 3 rating, and thereafter increased motility did not result 
in important increases in conception rate. The index of correlation, p, 
should therefore be used to measure the degree of correlation between the 
two. The index of correlation, 0.97, revealed that there was a significant 
curvilinear correlation between motility rating and conception rate. 

DISCUSSION 

This evaluation of five commonly used methods of determining semen 
quality has revealed some useful information for the practitioner. Accord- 
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iiig to the results of this study there is little practical value in making 
routine pH determinations, abnormality counts, or determining the concen- 
tration of sperm. The information furnished by these determinations was 
not correlated significantly with rate of conception. Therefore, the rejection 
of a sample of semen because it is slightly abnormal in any of the three 
characteristics does not seem justified. The only reason for rejecting sam- 
ples which are very high in pH or abnormalities or very low in coneeiitration 
should be the extent to which such items are correlated with longevity and 
motility of the sperm. This problem has not been treated in this study. 
If samples are of acceptable motility and viability, it does not seem reason- 
able to reject them on the basis of pH and coneeiitration, especially in view 
of the fact that the semen may be diluted many times with a buffered protec- 
tive mixture. Semen that is very high in abnormal sperm usually does not 
have good motility or viability ; but if it does have good motility and viability 
it wull probably give good breeding efficiency. 

The fine correlations shown between viability and conception rate are of 
more theoretical interest than practical interest because such information is 
not obtained until after use of the semen. This correlation can be used as a 
guide, however, in the development of other methods of semen evaluation. 
The high correlation of any test ivith viability should indicate its correlation 
wuth semen fertility. Beck and Salisbury (1) have used short-time high- 
temperature survival tests in this manner. Knowledge of the probable sur- 
vival time of highly motile semen is important for selection of semen which 
must be stored as Avell as for the maintenance of good conception rates. 

The curvilinear relationship betw’een conception rate and motility rating 
of the semen at the time of insemination wull be of special interest in the use 
of stored semen. Semen which is below a rating of 3 cannot be used with 
much confidence. Even though many pregnancies have resulted from semen 
of lower motility the chances of conception are so reduced that such practice 
may be wuidliwhile only in the case of very valuable sires. The data also 
indicate that practically as good results may be expected from semen of 3 
and 4 motility as from the highest rating. These observations are in agree- 
ment with those of Lasley (6) who found no correlation betw^een motility 
rating above 3 and the fertility of the semen. He also observed that there 
was not a significant difference in the fertility of semen containing from 
55 to 95 per cent live sperm, but semen which contained only 20 per cent of 
live sperm was infertile. It therefore seems safe to conclude that semen 
should be 3 motility or better if good breeding efficiency is to be maintained. 
In terms of progressively motile spermatozoa, there should be about 45 per 
cent or more. This study has again demonstrated the value of the motility 
rating for detecting semen likely to result in poor breeding efficiency. 
Further study of the value of accurately determining the percentage of 
progressively motile sperm with reference to its correlation with viability 
is in progress. 
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SUMMARY 

A study lias been made of the correlation between semen characteristics 
and conception rate in the University of Missouri dairy herd. The correla- 
tion between conception rate and pH, abnormal sperm, and concentration of 
sperm Wcis found to be non-significant. A highly significant linear correla- 
tion was found between conception rate and viability of the sperm. A sig- 
nificant curvilinear relationship between motility and conception rate was 
found The difference in conception rate between semen rated 3 motility, 
which is usually 45 per cent or more progressively motile sperm, and higher 
grades of motility was very slight. 
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SEASONAL VARIATION IN SEMEN QUALITY OP SOME 
MISSOURI DAIRY- BULLS* 


ERIC W. SWANSOX and H. A. HEEMAA" 

Vepartmeni of Dairy Husbandry, Vniversity of Missouri, Columbia, Missouri 

The seasonal nature of sexual activity of many mammals is well recog- 
nized, but whether or not the bull has a definite seasonal sexual cyele has 
not been clearly demonstrated. Morgan and Davis (8) found that the 
conception rate of Nebraska dairy cattle was lowest in August and Sep- 
tember, but months with high conception rate were not seasonal since Janu- 
ary and J uly were both high and December was highest in conception rate. 
Erb, Wilbur and Hilton (5) reported a seasonal variation in breeding 
efficiency with spring (May at maximum) giving the best conception rate 
and late summer (August at minimum) giving the lowest conception rate. 
The separate effect of the bull and the cow upon fertility are confounded in 
ordinary analysis of breeding records, however. 

Few studies have been made of seasonal variations in semen quality. 
Weatherby, Eeece and Bartlett (11) reported monthly averages of semen 
volume, concentration, and longevity for six bulls in a New Jersey coopera- 
tive. Longevity, which is correlated with fertility (10), was generally 
higher in June and July than in other months, but the differences among 
the months were very slight. Anderson (1) presented monthly average 
semen volume and motility observations made on bulls in Kenya which 
indicated a rather distinct seasonal tendency. Volume and motility were 
both low from May to August. Erb, Andrews and Hilton (4) made a 
systematic study of the effect of season upon semen characteristics. Except 
for a noticeable increase in concentration in the spring, seasons other than 
summer had little effect upon semen quality. During July, August, and 
September the motility and semen volume were lowered, the sperm survived 
for a shorter period, and the percentage of abnormal forms was increased. 
Statistical analysis showed that semen obtained during the summer months 
was significantly of lower quality than that of other seasons. Lasley (7) 
found that beef bulls in Arizona gave higher quality semen as the season 
progressed from May to September. Volume of semen, percentage of live 
sperm, and percentage of resistant sperm increased during this period but 
coiieeiitration and percentage of abnormal sperm did not change. 

The literature in general is not in complete agreement concerning the 
effects of season upon semen quality of bulls. The explanation of this fact 
may be that the effect of season is not as great in some localities as in others. 

Eeceived for publication September 10^ 1943. 
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In many cases the bulls studied were few in number and their individual 
responses to season (4) may not have been typical of the population. Since 
January^ 1940, semen of a number of bulls in the University of Missouri 
herd lias been examined regularly. Data for ten of these bulls extended 
over all four seasons, some of them for two or more years, and from three 
others, data from two or more seasons were available. This report presents 
an analysis of the monthly variation in quality of semen produced by these 
thirteen dairy bulls. 

MATERIALS AND METHODS 

The bulls were all purebred animals used as herd sires in the University 
of Missouri herd. Nine were Holstein-Friesians, three were Jerseys, and 
one was a Guernsey. They varied in age from one and one-half to thirteen 
years, but the majority of them were aged bulls, five year old or older. The 
average age was six years. Although these bulls were not all of high fer- 
tility, none was of consistently very low' fertility. 

During 1940, semen was collected from each bull at least once each week. 
Thereafter, however, collections were made only as they were needed for 
breeding or for various investigational purposes. All bulls were not rep- 
resented, therefore, in every month of every year included in the study. 

Each sample of semen w'as examined for initial motility, eoiiceiitratioii, 
volume, number of abnormal sperm, and viability according to methods 
described previously (6). The pH of many of the semen samples w'as also 
determined (6). 

The observations made on the semen from each bull were averaged by 
months, and the monthly averages for the separate bulls were then averaged 
to secure the grand average for that month. If data were available for a 
certain bull for tw'O or more years for any month, each year’s data were 
handled as a separate monthly average. Statistical significance of the 
differences among months and among bulls was determined by the analysis 
of variance according to Siiedecor (9). 

The bulls w-ere fed a good quality legume hay and a grain mixture the 
year aromid. No pasture or green feed was given and no silage was fed. 
There was no seasonal difference in the rations. 

RESULTS 

Observations on 1103 ejaculates w^ex'e included in this study. These 
were separated into 254 bull-month averages, resulting in an average of 
4.34 ejaculates per month per bull. The largest number of ejaculates taken 
from one bull in any month w'as 12. Many bulls were collected from only 
once in certain months. 

The monthly averages are presented in table 1. The number of bull- 
month averages from which the monthly average was computed and the 
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number of bulls represented are listed below the average of each month. The 
raoiitlilr averages are also presented graphically in figure 1. 

The seasonal averages are presented in table 1. Winter was taken as 
Jaiiiiarv, February, and Marcdi. Spring months were April, May, and June. 
July, August and September were taken as summer; and October, November 
and December were designated fall months. 



MONTH 

Fig. 1. MoiitWy averages of examinations for qiialitv of semen from 13 Missouri 
liiills during 1940, 1941, and 1942. 

The data in table 1 and the curves in figure 1 do not indicate very definite 
seasonal variations of some semen characteristics, but there is a suggestion 
that others may vary with the seasons. Yolume appears to be greater in 
spring months, initial motility and viability are low in winter months, and 
pH is lower in summer than in winter. An examination of the original data 
revealed marked variation among bulls for certain characters in addition to 
variations among months by the same bull. Furthermore, all bulls did not 
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exhibit the same sort of seasonal variation. The nature of the data did not 
permit an accurate assignment of all of the sources of variation by the 

TABLE 1 


Montlilif and seasonal summary of semen qualities 




Volume 

Concen- 

tration 

pH 

Initial 

motility 

Main- 
tenance 
of 2 mo- 
tility 

Abnormal 

sper- 

matozoa 



ec. 

1000/mm,^ 


1 

lirs. 

% 

January 

Mean 

5.04 

1023.0 

6.79 

3.71 

57.4 

11.43 

No. 

27 

27 

17 

27 

26 

26 


Bulls 

13 

13 

11 

13 

13 

12 

February 

Mean 

4.83 

931.5 

6.57 

3.71 

44.7 

14.82 

No. 

24 

24 

13 

24 

21 

20 


Bulls 

11 

11 

8 

11 

11 

11 

March 

Mean 

4.53 

1046.1 

6.42 

3.81 

49.3 

15.29 


No. 

24 

24 

10 

24 

23 

*' 20 


Bulls 

12 

12 

8 

12 

12 

12 

April 

Mean 

4.80 

1066.7 

6.49 

4.18 

69.8 

12.96 

No. 

21 

21 

14 

21 

21 

21 


Bulls 

12 

12 

10 

12 

12 

12 

3MaT 

Mean 

5.65 

984.6 

6.50 

4.09 1 

52.1 

13.08 

No. 

21 

21 

12 

21 

19 

21 


Bulls 

11 

11 

8 

11 

11 

11 

J uiie 

Mean 

5.21 

851.3 

6.52 

4.07 

62.9 

14.65 


Mo. 

20 

20 

15 

20 

18 

20 


Bulls 

12 

12 

10 

12 

12 

12 

July 

Mean 

4.73 

1015.9 

6.09 

4.33 

73.8 

16.21 


No. 

18 

; 

7 

19 

19 

18 


Bulls 

11 

I 11 1 

7 

11 ; 

11 

11 

August 

Mean 

4.75 ' 

1 831.3 1 

6.60 

4.02 

61.5 

13.25 

Mo. 

17 

1 lo 

7 i 

17 : 

14 

15 


Bulls 

10 

1 10 ! 

7 ^ 

10 

10 

10 

September 

Mean 

4.67 

j 917.9 

6.58 

3.81 i 

72.1 

12.93 

Mo. 

21 

21 

7 

21 

21 

21 


Bulls 

11 

11 

7 

1 i 

11 

11 

October 

Mean 

5.12 

961.0 

6.68 

i 3.94 I 

77.2 

10.75 


Mo. 

21 

21 

11 

i -1 1 

21 

21 


Bulls 

11 

11 

9 

11 

1 11 

11 

November 

Mean 

5.04 

944.7 

6.81 

3.90 

* 78.8 

12.96 


No. 

IS 

19 

13 

19 

1 18 

18 


Bulls 

11 

11 

9 

11 

i 10 

11 

Beceiiiber 

Mean 

4.98 

1075.1 

6.96 

3.07 

1 42.7 

11.47 


Mo. 

19 

20 

7 

20 

! 19 

20 


Bulls 

9 

10 

6 

10 

' 9 

10 

ITear 

Mean 

4.9a 

975.7 

6.60 

3.88 

61.6 

13.23 


Mo. 

251 

252 

133 

254 

240 

241 


Bulls 

13 

13 

13 

13 

13 

i 

Winter 

Mean 

4.80 

1000.2 

6.59 

3.74 

50.5 

13.85 

Spring 

Mean 

5.22 

967.5 

6.50 

4.11 

61.6 

13.56 

Simimer 

Mean 

4,72 

921.7 

6.42 

4.05 

69.1 

14.13 

Fall 

Mean 

5,05 

993.6 

6.82 

3.64 

I 66.2 

11.73 


analysis of variance method (9). Variation among months and variation 
among bulls, however, were calculated and their significance was determined. 
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Tolmne. The differences in volume of ejaculates among bulls were liiglily 
significant. This finding was to be expected because bulls differ widely in 
this respect. The inter-monthly volume variations were not significant, how- 
ever ; hence a significant seasonal variation of semen volume was not found. 
Differences as great as were observed could have occurred at least 1 in 20 
times as a result of chance. Thus, although the data are suggestive of a 
greater volume of ejaculate produced in spring than summer, the average 
difference of 0.5 cc. could easily have occurred as a result of chance. 

Concentration. The differences in sperm concentration among bulls 
were highly significant. The differences among months, however, w^ere not 
significant since they could be expected as a result of chance slightly more 
than 1 ill 20 times. The same was true of the iiiter-seasoual differences. 
The eoneeiitratioii of sperm w^as, therefore, not significantly lower in summer 
than ill winter. 

pH. The pH differences among months were significant statistically. 
At p = 0.05 July's average was significantly lower than all other months, 
and December ^s average was significantly higher than all months except 
January. October, and November, The difference between the summer 
average and the fall average was highly significant (p = < 0.01). The pH 
of fall and winter semen seemed definitely higher than the pH of summer 
semen, but most of the difference was due to the very low values secured 
in J uiy. 

Initial motility. The differences in initial motility among the different 
bulls were highly significant. The differences among months were also 
highly significant. Using p = 0,01 as the level of significance the initial 
motility of July semen wu\s significantly higher than that of December, 
January and February; and December was significantly below all other 
months. Using the lo^wer level, p = 0.05, as a level of significance, April 
initial motility was significantly above that of December, January and 
February; July was significantly better than November, December, January, 
February, March and September ; and December was significantly below all 
other months- Grouping the months into seasons (table 1) showed that 
spring and summer semen had a significantly higher motility than fall and 
winter semen. The difference between fall and winter semen was not 
significant, and spring and summer semen did not differ significantly in 
initial motility. The semen collected during the %varm months definitely 
had more vigorous motility than that collected during the cold months of 
fall and winter. 

Maintenance of useful motility in storage. The storing ability of the 
undiluted semen showed significant difference among the bulls and among 
the months. With p = 0.01 representing the level of significance, the storage 
time of December was significantly below July, September, October, and 
November; July, October, and November were sigiiifieaiitly above February; 
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andj October and November were significantly above March. Wiieii p = 0.05 
was taken as the significant point, December and February storage was sig- 
nificantly below that of April, July, September, October and November ; and 
February, March, May and December were significantly below October and 
November. When the months were grouped into seasons, the average storage 
time of the winter months was significantly lower than that of the summer 
and fall months, but the differences between winter and spring months may 
have occurred as a result of chance 1 out of 20 times. The storing ability 
of the semen was markedly depressed by the cold months, December to 
March, and it improved in general after that time to reach its peak in late 
siiiimier and eaii 3 '' fall. 

Ahnormal spermatozoa. The differences in abnormal sperm production 
among bulls were highh" significant. The variation among the bulls was so 
great that the small differences among the months were not significant. The 
greatest percentage of abnormal sperm w’as produced in summer and the 
least ill the fall. Grouping the months into seasons macle the difference 
between summer and fall on the borderline of significance (p = 0.05). The 
otlier seasons did not differ signifieaiith^ from each other in aiw combination, 
hence the importance of the difference observed between morphology of 
Slimmer and fall semen is considered to be veiw slight. 

DISCUSSION 

The most significant seasonal change in the average semen qiialit}" of the 
bulls studied was a decrease in initial motiliW and viability and an increase 
ill pH with the onset of cold weather in December. These indications of 
poorer quality semen were probabi.v due to the poorer physical vigor or 
inadequate sexual stimulation of the old bulls in cold weather. These 
changes were confined almost entirely” to the bulls which were over four 
3 'ears old. The semen from yoimg bulls was as good in motility and viability 
in December and Jaiiiiaiy as it was in June and July. Since the ejaculates 
from 3 ’oung bulls were a small minorit}’ in this stud}’, however, the averages 
exhibit more nearty the picture presented hy older bulls. Brb et al. (4) 
also have noted the deleterions effect of very cold weather upon semen 
quality. Since proved bulls which are to be used wicleh^ in artificial insemi- 
nating work will usually be fiilty as aged as the bulls used in this study, the 
results secured should be borne in mind in earing for them. The breeding 
chute and eolleetioii stall at the Universit}'' of Missouri are out in the open, 
unprotected from the elements. The bull sheds are three-sided structures, 
open to the east. The old bulls were noticeabty less vigorous and less eager 
to serve during cold weather than during warm weather and were somewhat 
^‘erampy” in winter. It is probable that greater attention to the comfort 
of the aged sires would result in improved quality" of the winter semen. 

The drop in semen quality in summer observed hj Erb et al. (4) and 
Anderson (1) did not occur. The heat of summer apparentty did not ad- 



SEASONAL VARIATION IN SEMEN QUALITY 


309 


versely affect spermatogenesis in these bulls. In fact, excellent quality 
semen was obtained regularh^ from ail bulls during the warmest season. 
These results concur with the observations of Weatherby et al. (11) and 
Lasley (7). The -only indication of a poorer quality of sperm produced in 
summer was the increased abnormal forms produced in July. Since the 
percentage of abnormal sperm decreased during August and September, 
also hot months, it does not seem logical to correlate the increase observed 
in July with temperature. 

It was also observed, in confirmation of Erb^s (4) observations, that the 
volume of the ejaculate and the concentration of spermatozoa were slightly 
lower in summer than in other seasons. The differences were not statistically 
significant, however ; and it is believed that the decreases were not an indi- 
cation of lowered spermatogenesis or fertility. Motility and viability of the 
spermatozoa which are closely correlated with fertility, were above average 
in the summer months. 

The low pH for July was due to a few early determinations in that month 
which were made on semen which had not been cooled promptly. The air 
temperature was so high that the metabolism of the sperm was kept at a 
high rate with a resulting high acid production. It is believed that a larger 
body of data secured under as uniform controlled eoudtions as those for 
August and the following months would not show pronounced monthly 
variations in semen pH. Anderson (2) did not find a significant monthly 
variation in the pH of bull semen. 

Considering altogether the six characteristics of bull semen which have 
been discussed, it does not seem that spermatogenesis in the dairy bull 
is significantly affected by season. Furthermore, in the young, vigorous 
bulls under observation no important seasonal effects were observed. The 
aged bulls seemed to suffer more from cold weather than the younger bulls 
and showed less sexual drive or vigor in winter. The general lowered 
physical vigor possibly was reflected in decreased vitality of their sper- 
matozoa. It seems probable, therefore, that season as such may have no 
important effect upon the semen quality of dairy bulls in Missouri. En- 
vironmental conditions that may adversely affect the physical comfort or 
even the vitality or health of the bull, however, may result in the production 
of poorer quality semen. The effect of the observed seasonal differences in 
semen quality upon fertility of bulls used for natural service or for artificial 
insemination with noii-stored semen would probably be insignificant because 
of the slight difference in eoneeptioii rate which has been demonstrated 
between medium and high quality semen (10). Dawson (3) found no sig- 
nificant seasonal differences in the fertility of aged sires from widely dis- 
tributed stations in the United States used for natural service. Where 
aiffificial insemination practices requiring regular collection and storage of 
high quality semen are followed, the effect of extreme weather conditions 
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or other factors adversely affecting* the physical vigor of old bulls may be 
responsible for varying conception rates. 

SUMMARY 

A study of the monthly variation of the initial motility, volume, concen- 
tration, useful storage time, pH, and morphology of the semen of thirteen 
dairy bulls used in the University of Missouri herd during three .years has 
been presented. The monthly variations in volume, concentration, and per- 
centage of total abnormal spermatozoa were not statistically significant. 
The pH of the semen Avas significantly loAver in the summer than in the fall. 
Initial motility and useful viability AAm*e lower in Aviiiter than in spring and 
Slimmer. The results Avere interpreted as being largely due to the adA’*erse 
effect of AA’inter weather upon the plwsical Avell being and sexual activity 
of the aged bulls which furnished the majority of the semen studied. 
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Department of Dairy Hnshandry, 'Cniversiiy of IlUnofs, Urhana^ Illinois 
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Indiana Condensed Milk Company j Indianapolis^ Indiana 

Tlie use of antioxidants in the manufacture of food stuffs containing oils 
and fats lias been studied by a number of investigators. Greenbank and 
Holm (13) found maleic acid, hydroqiiinoiie, and certain other phenolic 
compounds to have antioxidant prox3erties. Cliilson (3) , Dahle and Palmer 
(10). and Greenbank (12) reported that the addition of 20 to 100 milligrams 
of pure vitamin C per liter of milk retarded or entirely prevented the de- 
velopment of an oxidized flavor in susceptible milk to viiieh no copper had 
been added. Barnicoat and Palmer (2) studied the antioxidant properties 
of vitamins A,-B, C, D, E, P, and nicotinic acid and found that only vitamins 
C and E were effective. 

GJmrgj* and Tomarelli (14) found corn, oats, wheat, rice, bran extract 
and Avenex to have high antioxidant properties. Of the known B vita- 
mins, p-aminobenzoie acid was the only one they found to be significantly 
antioxygenic. 

Tracy and Corbett (24) have shown that the addition of 0.1 to 0.25 per 
cent sodium citrate retarded the development of oxidized flavor in milk. 
Anderson (1) found that a pancreatic extract when added to milk protected 
it from developing an oxidized flavor. 

The work of Dahle and Josephson (6, 7, 8), Corbett and Tracy (4), 
Koenig (17), Maack and Tracy (18), Mueller and Mack (20), and Peters 
and Miisher (23) has shown that the use of oat flour or a water extract from 
the oat flour prevented or retarded the oxidized flavor development in milk, 
ice cream, frozen cream, and butter. Mueller and Mack (21) in studying 
the antioxidative properties of several cereal flours fouiid that whole oat 
flour, finely milled oat flour, and corn flour were of equal value but that 
wheat, harley, rye, and rice flours had but little antioxidative effect, 

Corbett and Tracy (5) reported the effectiveness of tyrosine, tyrosine 
esters and the water extract of certain cereal flours as antioxidants in dairy 
products. Hollender and Tracy (15) experimented with the use of certain 
antioxidants in powdered whole milk. Among the antioxidants they found 
most effective w-ere gum guaiac, hydroquinone, ascorbic acid and sodium 
citrate. 

The studies of MeParlane of MacDonald College, Quebec, as reported by 
correspondence with the author, have shown wheat germ oil to have antioxi- 

Beeeived for publication September 13, 1943. 
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daiit i 3 roperties when added to certain animal and vegetable fats and oils 
used in the niannfaeture of shortening. The results were measured by 
means of the Swift's stability test. This investigator also found "wlieat 
genii oil particularly when fortified with citric acid retarded oxidative 
changes in powrlered whole milk as measured by the peroxide value. Mc- 
Farlane finds wlieat germ oil to be more effective than either liydroqiiinone 
or gum guaiac. 

Realizing the importance of copper contamination in the developinent 
of the oxidized flavor, modern dairies use stainless steel in the const ruction 
of their eqiiipiiient wherever possible. In spite of this and other precau- 
tions that are taken to retain a normal flavor in the stored products, the 
industry still recognizes oxidized flavor develojiment in dairy products as 
a serious problem. This is particularly true in the case of powdered whole 
miljv. much of which is likely to be stored for some time at high temperatures 
(70=' -125'^ F.) before consumption. Because of the important part that 
powdered whole milk plays in the dietary of our armed forces as well as 
that of the civilian population of our allies, it seems that serious considera- 
tion should be given to the application of all knowui methods that will 
lengthen the shelf life of the product. Since any oxidation process to w^hieli 
the fat is subjected is likely to result in the destruction of certain of the 
vitamins contained in milk (Pavcek and Shull (22) ), it would also seem de- 
sirable from a nutritional point of view to add harmless antioxidants to those 
dairy products that are to be stored for some time before consumption. 

EXPERIMENTAL DATA 

The use of solvent extracted wheat germ oil as an antioxidant in milk, 
frozen cream, and powdered wRole milk made by both the spray and roller 
methods has been studied. Representative results are given. 

Use of ‘wheat gerni oil in iMsteuvized mill'. An attempt w^as first made 
to determine to wRat extent wReat germ oil would retard the development 
of an oxidized flavor in unhomogeuized whole milk. The wdieat germ oil 
was added at three levels, 0.1, 0.2, and 0.3 per cent of the w^eight of the fat. 
The oil was mixed wutii the cold milk before pasteurization (143.5° F., 30 
min.). The milk used wus imodueed in late spring (May). To a portion 
of the milk, copper w^as added at the rate of 1 ppm. and 2 ppm. After 24 
hours storage at 40° F. the samples were judged for flavor. The results are 
given in table 1. 

A definite retardation of oxidation was evident in those samples contain- 
ing the wheat germ oil and to which copper had been added. No particular 
benefits were obtained at levels higher than 0.2 per cent of the wheat germ 
oil. The best flavor w^as in the samples containing no added copper to wdiieli 
0.1 per cent of wheat germ oil w^as added. At the 0.2 and 0.3 per cent level 
enough of the wheat germ oil flavor was noticeable to cause the milk to score 
less than the control. 
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TABLE 1 

Wheat germ oil (A) as an antioxidant in whole millc 


Flavor score^ after 3 days^ 



Score 

Criticism 

Control ! 

36 

Si. bitter 

Control + 0.1% W.G.O 

! 37 

SI. oil flavor 

Control + 0.2% W.G.O 

' 35 ! 

: SI. oil flavor 

Control + 0.3% W.G.O 

i 34 ! 

SI. oil flavor 

Control + 1 ppm. Gu 

: 29 1 

Oxidized 

Control + 1 ppm. Cu + .1% W.G.O 

! 31 ' 

Oxidized 

Control + 1 ppm. Gii + .2% W.G.O 

i 32 

Oxidized 

Control + 1 ppm. Gu + .3% W.G.O 

1 32 

Oxidized 

Control + 2 ppm. Cu 

i 2S 

Oxidized 

Control + 2 ppm. Cu+.2% W.G.O 

1 31 

Oxidized 

Control + 2 ppm. Gii+.3% W.G.O 

! 31 

Oxidized 


* Basis of 45 as perfect score. 

Ill other experiments it was found that at levels higher than 0.3 per cent 
of the weight of the fat the wheat germ oil flavor was suffieientlv detectable 
in the milk to be objectionable even when copper was present. 

Use of wheat germ oil in frozen cream. To study the effect of wheat 
germ oil in retarding the development of oxidized flavor in frozen cream, 
eream containing 50 per cent fat was mixed with sufficient sucrose to produce 
a sugar content of 12 per cent. Half of this sweetened cream was pasteur- 
ized at 160^ F. for 30 minutes and the other half at 170^^ F. for 15 minutes. 
To half of each of the two lots 0.5 ppm. of copper was added. To a portion 

TABLE 2 


Wheat 'germ oil (A) as an antioxidant in frozen eream 


Sample* 

Degree of oxidized flavor after 

4 mo. 

6 mo. 

9 mo. 

13 mo. 

A — Cream pasteurized at 160*^ F. for 30 minutes 

lA - Control 

- 

— 


2i+ 

IB -Control 

+ 

+ 

6+ 

7+ 

2A + 0.2% W.G.O 

- 


_ 


2B + 0.2% W.G.O 

— 

4- 

2+ 

4+ 

3A + 0.3% W.G.O 

- 



— 

SB + 0.3% W.G.O 


? 

i+ 

3+ 

B — Cream pasteurized at 

1700 foj, 15 minutes 


lA 





IB 


— 

+ 

5+ 

2A + 0.2% W.G.O 

- 



_ 

2B + 0.2% W.G.O 

— 



21+ 

3A + 0.3% W.G.O 

— 

- 

- 

— 

3B + 0.3% W.G.O. 

- 

- 

? 

2 


* A = BO copper added. 
B = I ppni. Ou added. 
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of each of tlie four lots wlieat germ oil at two levels (0.2 and 0.3 per cent of 
tlie weight of the fat) was added. The samples were stored in quart Seal- 
right containers in an lee cream hardening room and were judged every 3 
to 4 months over a |)eriod of about 13 montlis. The results given in table 2 
show that wheat germ oil caused a definite retardation of the oxidation of 
biitterfat when copper was present. It is also evident that heating cream 
above 160° F. (170° F.) during pasteurization also aided in retarding oxi- 
dation. This confirms the results of Trout and Scheid (25) as well as Dahle, 
Lawhorii, and Barnhart (9), and McFarland and Burgwald (19). The 
beneficial effect of the higher heat treatment has been found by Gould and 
Sommer (11) and Joseplison and Doan (16) to be due to the production of 
siilfhydiwls which are reducing substances. Best results were obtained 
wdien both the wheat germ oil and the high heat treatment were used. The 
superior effect of the combination was noticeable, however, only after nine 
months of storage. 

'Wheat germ oil as an antioxidant in poivdered whole niilk. Preliminary 
■studies having established the antioxidant properties of wdieat germ oil in 
milk and cream it was desired to determine to what extent the substance 
would function in powdered whole milk. A complete understanding of the 
nature of the ingredient eontaiued in wheat germ oil that is responsible for 
the antioxidant properties is lacking. It is thought, however, that the 
tocopherols and phosphatides that are present are contributing agents. 
Since the start of this study it has been found that the potency of wheat 
germ oil can be increased by the addition of citric acid. The use of sodium 
citrate as an antioxidant in milk has been previously studied by Tracy and 
Corbett (24). Three different oils^ were used, forimila A — regular wheat 
germ oil, formula C — regular wheat germ oil plus 2 per cent citric acid, and 
formula D — regular wheat germ oil plus 5 per cent citric acid and 30 per 
cent soybean lecithin. 

Procedure followed in preparing milh powder samples. Powdered whole 
milk prepared by both the vacuum roll and spray processes was used to test 
the antioxidant properties of the wheat germ oil. The milk used for the 
roller drying was produced by the University herd, while that spray dried 
w’as received at a commercial condensery. An attempt was made to handle 
the milk in such a manner as to minimize eopper contamination. 

The powder was packed in number 2 cans in the ease of the roller process 
and number 1 cans in the case of the spray drier. Paper containers were 
used in one of the experiments with spray powder (samples 5019 and 5020 — 
table 4). One set of the spray powders was packed plain and one set was 
packed in nitrogen. 

The milk used to make the powder manufactured by the roller method 
(table 3) was preheated at 170° F. for 30 minutes and concentrated to ap- 

1 The wheat germ oil used in this study wa5 solvent extracted and was supplied by the 
TioBin Corporation, Monticello, Illinois. 
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proximately 38 per cent total solids. Wheat germ oil— formulas A, C, and 
D, were added to the condensed milk at the rate of 0.2 per cent of the weight 
of the fat in trial 1 and 0,1 per cent in trial 2. 

Ill the ease of the spray dried samples 4924-31 and 4952-59 (table 4) the 
wheat germ oil was added to skim milk that had been heated to 170° F. and 
homogenized at 2,500 pounds pressure. This emulsion was then added to 
the raw milk and held over night. The milk was preheated at 180° P. for 7 
minutes, cooled to 145° F. and then condensed. It was homogenized at 
3,000 pounds at 130° F. The drying was then done 24 hours later. The 
nitrogen-packed powder was first subjected to a Taeuiim of 2 nun. Then 
CO 2 was introduced to 10 pounds pressure for 10 minutes, then a Tacuiim 
of 2 mm. was drawn, then nitrogen was introdneed to a pressure of 5 pounds 
for 10 minutes. 

TABLE 3 


V,se of wheat gcnn oil m roller (vacuum) process powdered -whole mill’ 


Sample 

Trial 

Flavor score 

Fresh 

3 mo. 

6 mo. 

Control 



38 

29 

29 

Control 4 . 0.2% W.G.O. 

A 

1 

38 

33 

32 

Control -^0.2% W.G.O. 

C 

1 

38 

34 

32 

Control + 0.2% W.G.O. 

1) 

1 

38 

34 

33 

Control 


2t 

38 

37 ; 

33 

Control + 0.1% tV.G.O. 

A 

2 

38 

36 

35 

Control + 0.1% WLG.O. 

C 

0 

38 

37 

35 

Control + 0.1% W.G.O. 

B 

2 

38 

37 

36 


* Prepared ISTov., 1942. 
t Prepared Feb., 1943. 


Samples 4887-90 and 5017-22 were prepared in the same manner as those 
above except that nitrogen only was used in the case of the gas-treated lot. 

The only variation in the procedure followed in the preparation of 
samples 4985-88 from that followed in the preparation of sample 4887-90 
was the method of adding the wheat germ oil. Formula D was used in all 
samples. In the case of samples 4985 and 4986 the oil was homogenized in 
skim milk and added to the whole milk before condensing as outlined above. 
In the case of samples 4987 and 4988 the oil was mixed mth the condensed 
milk just before spraying. 

The dried milk samples were judged when fresh and every 2 to 3 months 
during storage at room temperature. In table 4 only the final flavor scores 
are reported. The flavor of the reconstituted samples was 38-39 at the 
beginning of the experiment and was criticized as being cooked. Subse- 
quent scorings WTre made on the basis of the degree of oxidized flavor de- 
veloped. The samples were reconstituted by mixing 30 grams of the powder 
with 200 ml. of tap w^ater using an electric malted milk machine. The 
sample cans were opened immediately before the milk was reconstituted. 




* P = plain. 

]Sr — gas. 

f Pots 5018 and 5021 were packed with water pnnijjcd iiitrogeii_, while the other lots were i»ac.ked with oil pmnped nitrog(ai. 
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Other details regarding* the procedure followed in making the spray 
powders are given in table 4. 

Milk powder data. - The data obtained on the effect of wheat germ oil 
upon the keeping quality of powdered whole milk are given in tables 3 and 
4. It is evident that wheat germ oil retarded the oxidation of butter fat but 
did not prevent its oeciirrenee. The oil treated with citric acid was slightly 
superior to the untreated oil. Formula D gave results somewhat better than 
those obtained with Formula C in most eases. The method of adding the 
oil ivas of no particular importance. The oil functioned in both plain and 
nitrogen-packed pow^der. It should be pointed out that neither the use of 
wheat germ oil or gas packing prevented oxidation from, taking place though 
packing in the presence of an inert gas proved to be somewhat more bene- 
ficial than the use of the w^heat germ oil without gassing. Best results were 
obtained with a combination of the tw’o, however. 

SUMMARY AND CONCLUSIONS 

The ability of w’heat germ oil to prevent oxidation has been determined 
ill fluid milk, frozen cream and pow’dered w’hole milk made by both the 
vacimin roll and spray processes. The amount of wheat germ oil needed 
for best results is ap|)roximately 0.2 per cent of the w’eight of the fat. At 
higher levels (0.3 per cent) the flavor of the oil is sometimes detectable. 
TT'heat germ oil reinforced with citric acid was found to be more effective in 
retarding oxidation in milk pow^der than regular oil. While wheat germ 
oil is not as effective as gas packing with nitrogen in preventing the develop- 
ment of the oxidized flavor in pow’dered milk, a combination of the tw'O 
will prolong the shelf life of the powder more than either one alone will 
accomplish. 
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Madison, Wisconsin 

The ereaming process is a complex phenomenon that involves a number 
of factors. The clilferenee in density between the fat and the milk plasma 
is the primary factor but a number of secondary factors, concerned with the 
formation of globule clusters, are required to make normal creaming' pos- 
sible. It has been shown that the individual globules rise in harmony with 
the velocity conipiitecl by Stokes’ formula (4, 7, 8, 9), but this is too slow to 
account for the rapidity of normal creaming, the depth of the cream layer 
produced, and the sharp line of demarcation between the cream and skim- 
milk layers. The secondary factors, therefore, exert a controlling effect on 
the gravitational separation for creaming. The nature of these secondary 
factors and the detailed manner in which they function is still a matter of 
controversy. 

The theory has been advanced that, aside from other factors, the gravi- 
tational movement of the globules (and clusters) is an important factor in 
cluster formation (1, 2, 5). The larger globules rising more rapidly over- 
take smaller globules, and as tbe clustering process proceeds in this manner, 
the clusters rise at an increasing rate and thus have increased opportunity 
for sweeping along individual globules as they occur in the upward path of 
the cluster. A difference in the fat content of the skimmilk at varied levels 
might well result from such a process. The study herein reported was 
undertaken to investigate this possibility. 

EXPERIMENTAL 

Samples of milk were placed in 1000-ee. graduated cylinders at 40° F. 
and stored in a refrigerator at that temperature. Six cylinders were used 
for each trial to provide for examination of a different cylinder at 1, 2, 4, 
6, 10 and 24 hours after the cylinders were filled. Five experiments were 
conducted, one with fresh, raw milk and four with pasteurized milk. The 

Keceived for publication September 8, 1943. 
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milk iiad a fat content of 3.6 to 3.8 per cent. It was obtained from khe 
mixed milk of about 40 herds as received commercially at the Department 
of Dairy Industry, University of ^Yiscoiisin. After the milk in the cjdinders 
had stood undisturbed at 40" F. for the desired time, skimmilk samples were 
withdrawn at the following points as indicated by the graduated scale: 850, 
750, 650, 550, 450, 350, 250, 150, 50 and 10 cc. The sample taken at the 
S50-ee. level was approximately 30 to 50 cc. below the cream line. The sam- 
ples w'ere withdrawn in the order as listed with the aid of the special appa- 
ratus shown in figure 1. 



Fig. 1. Sampling device used for withdrawing samples of skiiumUk at various levels 
from a graduated cylinder. 

Ill the sampling procedure, entrance of the milk into the pipette was pre- 
vented until the tip w^as at the desired level. Mere closing of the mouth end 
of the pipette during lowering would not accomplish this since the hydro- 
static pressure would compress the air and allow some milk to enter. This 
w’as counteracted to a point where a few small bubbles of air would actually 
escape from the pipette during immersion by simultaneously lowering a tube, 
connected to the pipette as shown in figure 1, into a sugar solution of suffi- 
cient density so that the hydrostatic pressure exceeded that caused by the 
milk. The assembly also carried a pointer, adjusted to the same level as the 
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pipette tip, to indicate its position as gauged by the pointer against the out- 
side of the cylinder. When the pipette tip had been immersed to the desired 
level, the pipette was filled slowly with suitable manipulations of the valves 
and the application of suction. The entire assembly w^as then raised, the 
exterior of the pipette" was wiped free from milk, and the sample within the 
pipette was then discharged into a suitable eontainer. A clean, dry pipette 
wms used for each samj^le. The fat content of the skimmilk samples was 
determined by the Mojonnier method as outlined by Mojonnier and Troy 
(3). All fat analyses w'ere run in duplicate. The duplicate deteriiiiiiatioiis 



Fig. 2. Fat eontent of skimmilk at various levels below tke cream line in 1000 ce. 
graduated eylinder used as a creaming vessel for whole pasteurized milk. 

w^ere made with considerable care and in general the difference bet-ween 
duplicates w^as very small in comparison with any observed differences in 
fat content between the various layers of skimmilk. Tables 1 to 5 give the 
duplicate fat tests and average fat tests of the skimmilk samples taken at 
various levels and at creaming times of 1 to 24 hours. The most rapid and 
extensive fat rising occurred during the first hour with a slow, gradual rise 
of the residual fat continuing during the succeeding 23 hours. While no 
data were secured beyond 24 hours, it can be assumed that a slow rising of 
residual fat would continue indefinitely in harmony with observations of 
Trelogaii and Combs wiio studied i*at rising in cream (6). 
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TABLE 1 

Fat content of slcimmUh sccvred helow the cream line in rate milk at varied levels 


Average and duplicate fat cleterininatious 


Skim milk 
level 

1 hour 

2 hours 


Average 


Average 

850 

2.749 


1.218 



2.743 

2.746 

1.219 

1.218 

7 50 

2.222 


1.193 



2.216 

2.219 

1.205 

1.199 

650 

2.051 


1.157 



2.052 

2.051 

1.161 

1.159 

550 

1.910 


1.179 



1.910 

1.910 

1.179 

1.179 

450 j 

1.783 


1.179 


1 

1.782 

1.782 

1.176 

1.178 

350 1 

1.736 i 


1.214 



1.746 

1.741 j 

1.218 

1 1.216 

250 

1.708 ' 


1.243 



1.711 

1.709 

1.244 

1.244 

150 

1.603 


1.210 



1.615 

L609 

1.210 

^ 1.210 

50 

1.555 


1.175 



1.552 

1.554 

1.165 

‘ L170 

10 ! 

1.500 


1.118 



1.499 

1.500 

1.122 

1.120 


4 hours 


6 hours 


1 

1 

. J 

Average 


1.111 


0.887 

1.113 

1.112 

0.893 

1.123 

1.108 

1.115 

0.906 

0.896 

1.125 

1.121 

1.123 

0.900 

0.901 

1.140 

1.143 

1.142 

^ 0.902 

0.906 

1.123 

1.117 

1.120 

0.900 

0.898 

1.129 

1.121 

1.125 

i 0.898 

0.896 

1.166 

1.167 

1.166 

! 0.881 
0.880 

1.151 

1.149 

1.150 

0.896 

0.887 

1.136 

1.136 

1,136 

1 0.858 

0.865 

1.037 

1.045 

1.041 

0.789 

0.796 
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tablp: 1’ 

Fat contetit of sl'immill: secured heloiv the cream line in 'pasteurised mill:' 

at varied levels 


1 

Slum i 

milk 

level 

Average and duplicate fat determinations 

1 hour j 

2 hours 

4 hours 


Average | 

i Average 


Average 

850 

3.100 1 

3.110 i 

1 

3.105 1 

1,627 

1.631 

1.629 

1.338 

1.337 

1.338 

750 

2.397 ! 

2.393 i 

2.395 

1.535 

1 .535 

1.535 

1.323 

1.303 

1.313 

650 

2.168 1 
2.170 i 

2.169 i 

1.552 

1.552 

1..152 

1.307 

1.305 

1.306 

550 

2.174 ; 

2.168 

2.171 ' 

1.572 

1.561 

1.5<.i7 

1.324 

1.318 

1.321 

450 

2.044 ; 

2.042 

2.043 j 

1.527 

1..509 

1.518 

1.289 

1.289 

1.289 

350 

2.012 
2.012 ; 

2.012 

1.581 

1.580 

1.580 

1.312 

1.314 

1.313 

250 

1.999 ; 

1.974 

1.9S7 

1.543 ; 

1.555 : 

1.549 

1.379 

1.397 

1.388 

150 

1.873 

1.865 

1.869 

1.547 
1.551 i 

1.549 

1.268 

1,263 

1.265 

50 

1.693 

1.690 

1.692 

1.576 
1.578 : 

1.577 

1.282 

1.282 

1.282 

10 

1.685 

1.685 

1.685 

1.472 
1.479 1 

1.476 

1.181 

1.188 

1.184 


6 hours 

10 hours 

24 hours 



Average 

j Average 


Average 

850 

1.240 

1.242 

1.241 

0.966 

0.961 

0.964 

0.802 

0.801 

0.802 

750 

1.227 

1.227 

1.227 

0.934 

0.93o 

0.935 

0.757 

0.757 

0.757 

650 

1.162 

1.153 

1.158 

0.997 

1.001 

0.999 

0.755 

0.751 

0.753 

550 

1.161 

1.160 

1.160 

0.944 

0.943 

0.944 

0.752 

0.754 

0.753 

450 

1.236 

1.237 

1.237 

0.969 

0.972 

0.970 

0.730 

0.720 

0.725 

350 

1.179 

1.163 

1.171 

0.932 

0.930 

0.931 

. 0.702 
0.698 

0.700 

250 ' 

1.252 

1.250 

1.251 

0.959 

0,958 

0.958 

0.613 

0.613 

0.613 

150 

1.284 

1.283 

1.284 

0.984 

0.983 

0.984 

0.613 

0.617 

0.615 

50 

1.180 

1.185 

1.182 

0.931 

0.932 

0.932 

0.620 

0.617 

0.618 

10 

0.956 

0.952 

0.954 

0.628 

0.628 

0,628 

0.321 

0.307 

0.314 



326 


F. M. SKELTON AND H. H. SOMMER 


TABLE 3 

Fat content of sl'immilh secured 1)61010 the cream line in pasteurised milk 

at varied levels 



Average and duplicate fat determinations 

milk 

1 hour 

2 hours 

4 hours 



Average 


Average 


Average 

850 

2.711 

2.705 

2.708 

1.709 

1.696 

1.703 

1.368 

1.362 

1.365 , 

750 

2.420 

2.408 

2.414 

1.696 

1.697 

1.697 

1.293 

1.305 

1.299 

650 

2.325 

2.327 

2.326 

1.525 

1.533 

1.529 

1.292 

1.280 

1.286 

550 

2.225 

‘^.215 

2.220 

1.540 

1.560 

1.550 

1.277 

1.257 

1.267 

450 

1.997 

1.986 

1.992 

1.515 

1.524 

1.520 

1.255 

1.253 

1.254 

350 

1.969 

1.971 

1.970 

1.527 

1.531 

1.529 

1.246 

1.240 

1.243 

250 

1.925 

1.925 

1.925 

1.562 

1 .tjol 

1.557 

1.327 

1.330 

1.32S 

150 

1.839 

1.852 

1.846 

1.531 

1.531 

1.531 

1.277 

1.276 

1.277 

50 

1.823 

1.815 

1.819 

1.510 

1.506 

1.50S 

1.337 

1.322 

1.330 

10 

1.620 

1.615 

1.61S 

1.399 

1.410 

1.404 

0.994 

0.994 

0.994 


6 hours 

10 hours 

24 hours 



Average 


Average 


Average 

850 

1.175 

1.181 

1.178 

1.058 

1.059 

1.059 

0.S19 

0.812 

0.816 

750 

1.132 

1,130 

1.131 

1.023 

1.016 

1.020 

0.773 

0.773 

0.773 

650 

1.161 

1.161 

1.161 

1.013 

1.013 

1.013 

0.763 

0.761 

0.762 

550 

1.105 

1.127 

1.116 

0,964 

0.974 

0.969 

0.739 

0.728 

0.734 

450 

1.108 

1.100 

1.104 

1.025 

1.019 

1.022 

0.737 
0.733 . 

0.735 

350 

1.163 

1.161 

1.162 

1.018 

I.OIS 

I.OIS 

0.752 

0.755 

0.754 

250 

1.159 

1.164 

1.162 

1.004 

1.002 

1.003 

0.729 

0.728 

0.728 

150 

1.165 

1.155 

1.160 

0.971 

0.979 

0.975 

0.731 

0.739 

0.734 

50 

1.219 

1.211 

1.215 

0.965 

0.952 

0.958 

0.716 

0.715 

0.716 

10 

0.940 

0.947 

0.944 

0.907 

0.906 

0.906 

0.360 

0.376 

0.368 
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TABLE 4 


Fat content of sl'inimUt secured 'below the cream line in pasteurized milk 

at varied levels 


Skim 

milk 

level 

Average and duplicate fat determinations 

1 

hour 

2 hours 

4 hours 


Average 

i 

i 

Average 


Average 

850 

1.825 

1.829 

1.827 

1.343 ‘ 

1.341 

1.342 

1.125 

1.128 

1.126 

750 

1.752 i 
1.740 ; 

1.746 

1.304 
1.313 ' 

1.308 

1.114 

1.107 

1.110 

650 

1.745 1 

1.753 ! 

1.749 

1.321 

1.315 

1.31S 

1.102 

1.101 

1.102 

550 

1.715 
1.708 1 

1.712 

1.285 

1.2S3 

1.284 

1.061 
1.070 1 

1.066 

450 

1.629 ' 

1.646 

1.638 

1.300 

1.293 

1.2SI6 

1.011 

1.064 

1.062 

350 

l.f320 

1.61S 

1.619 

1.31S , 

1.331 

1.324 

1.045 

1.052 

1.048 

250 

1.360 

1.576 

1.56S 

1.283 

1.291 

1.2S7 

1.062 

1.069 

1.066 

150 

1.501 

1.499 

1.500 

1.260 

1.271 

1.266 

1.077 

1.0S3 

1.080 

50 

1.43S 

1.444 

1.441 

1.233 

1.236 

1.234 

1.080 

1.070 

1.075 

10 

1.347 

1.352 

1.350 

1.170 

1.182 

1.176 

0.988 

0.981 

0.984 


6 hours 

10 hours 

24 hours 



Average 


Average 


Average 

S50 

0.969 

0.965 

0.967 

0.919 

0.912 

0.916 

0.654 

0.648 

0.651 

750 ' 

0.95(3 

0.956 

0.956 

0.906 

0.909 

0.908 

0.610 

0.610 

0.610 

650 

0.942 

0.949 

0.946 

0.917 

0.911 

0.914 

0.608 

0.614 

0.611 

550 

0.937 

0.942 

0.940 

0.893 

0.890 

0.892 

0.589 

0.585 

O.o8 i 

4d0 

0.948 

0.947 

0.948 

0.820 

0.819 

0.S2O 

0.540 

0.544 

0.542 

350 

0.930 

0.926 

0.928 

0.788 

0.789 

0.789 

0.515 

0.525 

0.520 

250 

0.926 

0.928 

0.927 

0.775 

0.788 

0.782 

0.545 

0.539 

0.542 

150 

0.923 

0.920 

0.922 

0.777 

0.767 

0.772 

0.575 

0.595 

0,580 

50 

0.922 

0.920 

0.921 

0.734 

0.730 

0.732 

0.546 

0.544 

0.545 

10 

0.897 

0.894 

0.896 

0.585 

0.595 

0.590 

0.408 

0.416 

0.412 
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TABLE 5 


Fat Gonteut of slcimniillc secured heloiv the cream lUie in pasteurised mill: 

at varied levels 


Skim 

milk 

level 

Average and duplicate fat deteriiiinations 

1 hour 

2 hours 

4 hours 


Average 


Average 


Average 

S50 

1.643 
1.645 1 

1.644 

1.341 

1.346 

1.344 

1.114 

1.123 

1.118 

750 

1.561 i 
1.565 1 

1.563 

1.278 

1.285 

1.282 

1.093 

1.103 

1.098 

650 

1.543 i 
1.537 1 

1.540 

1.281 

1.290 

1.286 

1.150 

1.154 

1.152 

550 

1.586 i 

1.587 ; 

1.584 

1.272 

1.286 

1.279 

1.108 

1.103 

1.106 

450 

1.575 ; 

1.583 1 

1.579 

1.259 

1.264 

1.262 

1.136 

1.142 

1.139 

350 

1,574 I 
1.578 ! 

1.576 

1.280 

1.270 

1.275 

1.103 

1.106 

1.104 

250 

1.516 

1,513 

1,514 

1.281 

1.283 

1.282 

1.113 

1.120 

1.110 

ISO 

1.488 

1.474 

1.481 

1.278 

1.289 

1.284 

1.135 

1.132 

1,134 

50 

1.446 

1.452 

1.449 

1.272 

1.274 

1.273 

1.112 

1.111 

1.112 

10 

1.345 

1.339 

1.342 

1.237 

1.237 

1.237 

0.964 

0.959 

0.962 


6 hours 

10 hours 

24 hours 



Average 


Average 


Average 

850 

0.950 

0.946 

0.948 

0.929 

0.935 

0.932 

0.603 

0.602 

0.602 

750 

0,967 

0.963 

0.965 

0.860 

0.856 

0.858 

0.657 

0.608 

0.662 

650 

0.968 

0.972 

0.970 

0.855 

0.862 

! 0.S5S 

0.599 

0.600 

0.600 

550 

0,964 

0.964 

0.964 

0.871 

0.877 

1 

1 0.874 

* 0.608 
0.618 

0.613 

450 

0.973 

0.971 

0.972 

0.87S 
, 0.874 

j 

0.876 

0.621 

0.617 

0.619 

350 

0.989 

0.980 

0.984 

0.867 

0.874 

0.870 

0.610 

0.616 

0.613 

250 

1.006 

l.OOS 

1.007 

0.870 

0.867 

0.86S 

0.592 

0.604 

0.598 

150 

0.967 

0.960 

0.964 

0.890 

0,897 

0.894 

0.587 

0.590 

0.588 

50 

0.966 

0.966 

0.966 

0.865 

0.861 

0,863 

0.601 

0.607 

0.604 , 

10 

0.870 

0.868 

0.869 

0,598 

0.595 

0.596 

0.467 

0.462 

0.464 
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111 the gravitational theory of clustering*, which inspired this study, it 
had been anticipated that, at some stages in the creaming process, the fat 
content of the skiminilk at some of the higher levels might actually be less 
than that of skimmilk at a lower point. This anticipation is on the basis 
of the greater sweeping action to which the fat globules in the upper por- 
tions of the skimmilk are subjected. The data indicate that such differences 
occur to a slight degree, but surprisingly the data suggest further that there 
is a wave-like progression of fat in the creaming process. This trend is re- 
vealed in the most pronounced manner by the data given in table 2 wliieli 
have been presented graphically in figure 2 . 

No explanation is offered for the wave-like progression of the fat in the 
trials herein reported. While this tendency is suggested, the present ap- 
proach is not ideal for a complete verification of this point. In order to 
establish this eoneliision definitely, it would obviously be necessary to obtain 
a large number of points so that each wave in the graph might be defined by 
several points. It would then be necessary to use a method of sampling 
which would assure as far as possible a perfect horizontal section of the 
column of skimmilk at the selected level. While the present equipment wms 
intended to attain a sample of skimmilk at a precise level, its use in sampling 
at still closer intervals probably would not be justified because of the manner 
in which the milk flows into the pipette. 

SUMMARY 

It was shown that in the creaming of milk the greater portion of the fat 
rises during the first hour. A slow, gradual rise of residual fat continues 
indefinitely. There is some indication in the data that during the creaming 
process the fat content of the skimmilk at one level may be slightly less than 
the fat content of the skimmilk at a lower level. Indications were obtained 
that such differences may occur at several points in a skimmilk column sug- 
gesting a wave-like progression of the fat. This suggestion should be fur- 
ther verified before it is accepted as a definite conclusion. There appears to 
be no difference in the maimer in 'which the cream layer forms on raw milk 
as compared with pasteurized milk. 
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EFFECT OF ADDING COD LIVER OIL TO THE RATIONS OF 

DAIRY CALVES* 


T. \Y. GULLICKSOX ax» J. B. FITCH 
D.h'ision of Dairy Sushandry, Vniversily of Minnesola 

Some calves dropped in the dairy herd at University Farm are weak at 
birth, and develop indigestion or other ailments and a few die before they 
are a month old. The cows in the herd are fed largely on a barn-feeding 
basis throughout the entire year because little or no pasture is available. 
Fair to good quality roughage is fed. IMeigs and Converse (6) have shown 
that the quality of roughage fed to cows has a marked effect on the health 
and vigor of their calves at birth. Similarly the beneficial effect of feeding 
a vitamin A supplement to calves for several weeks after birth or until they 
are eonsiiming considerable quantities of hay has been demonstrated by 
Phillips (7). If carotene-poor roughage is fed. or if young calves, for any 
reason, fail to utilize the carotene supplied then the feeding of a vitamin 
A-rieh product beyond the first few weeks should prove beneficial. Ellen- 
berger (4) reported that neither calves raised to 240 days of age on poor 
quality roughage nor those fed good hay for the same period evidenced any 
lack of vitamin A. Calves fed the poor hay, however, made ^^slowel^ lesser, 
and more costly grovih’^ as caused by their lower consumption of nutrients 
in the less palatable ration. When good quality hay was fed, no benefits ap- 
peared from feeding cod liver oil, instead growth in some eases seemed to be 
retarded. Cary (2) states that calves fed skim milk, grain and hay after 
30 to 60 days of age must, in order to survive, receive a vitamin A supple- 
ment if fed hay as poor in carotene as U. S. No. 3 alfalfa or timothy. Feed- 
ing at the rate of 20 milliliters of cod liver oil per calf daily to six months 
of age, however, had no demonstrable effect on their general appearance and 
rate of growth when U. S. No. 2 alfalfa hay or better was fed. Similarly, 
Insko and Eupel (5) observed no marked difference in the rate of growth 
and composition of bones between calves fed a standard ration, iuchidiiig 
good quality legume hay, and others reared on a similar ration supplemented 
with cod liver oil. Similar results have more recently been reported by 
Eeaves and Cannon (8). In a camparison involving four pairs of calves 
from dams that presumably obtained a normal allowance of pasture, Dahl- 
berg and Maynard (3) fed varying amounts of Nopco XX, a vitamin A and 
D rich concentrate of cod liver oil. Both lots weighed exactly the same at 
the start, but the supplemented group soon forged ahead and at 26 weeks 
of age each averaged 18.7 pounds more than those in the cheek group. The 
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aiitliors coiieluded that if there \vas aiir difference in general health it was 
ill faror of the calves receiving the supplement. 

EXPERIMEXTAIi 

The object of the experiment reported here was to determine the effect, 
if any, on the growth and well-being of daiiy heifer calves at University 
Farm of supplement hig their rations with cod liver oil from birth to six 

TABLE 1 


Effect on the weight of culves of various hreecls of including cod liver oil in their rations 
to ISO days of age. Data calculated to a lO-day interval basis 



Guernseys 

Holsteins 

J erseys 


Xon-eod 

Cod 

Xon-eod 

Cod 

Xon-cod 

Cod 


liver oil 

liver oil 

liver oil 

liver oil 

liver oil 

liver oil 




Xo. in 

group 




7 

12 

14 

14 

12 

13 

days 

2 )ounds 

pounds 

pounds 

Ijounds 

pounds 

jmunds 

Birtli 

64.0 

65.9 

94.7 

93.6 

53.9 

53.2 

10 

66.4 

67.2 

101.2 

97.9 

55.8 

56.5 

20 

70.6 

72.4 

112.7 

108.9 

62.2 

63.3 

30 

80.5 

80.2 

126.1 

121.8 

68.5 

72.1 

40 

86.4 

88.3 

137.0 

1 138.4 

76.8 

82.4 

50 

97.5 

94.6 

152.6 

1 152.6 

90.4 

90.0 

60 

104.4 

102.2 

171.0 

169.6 

101.6 

101.2 

70 

114.6 

114.4 

187.1 

1 185.0 

112.6 

113.8 

80 

126.7 

127.8 

201.8 

i 201.7 

122.4 

127.2 

90 

136.1 

142.6 

219.7 

i 217.3 

134.1 

141.5 

100 

149.6 

157,4 

235.7 

I 235.2 

148.5 

157.4 

110 

162.7 

171.9 

256.0 

: 251.9 

159.3 

170.2 

120 

174.9 

188.9 

274.8 

i 271.8 

’ 173.7 

186.0 

130 

189.4 

204.5 

292.6 

: 290.4 

1 185.5 

197.0 

140 

204.6 

222.5 

309.5 

307.5 

! 201.5 

211.2 

150 

217.2 

239.3 

329.1 

! 326.2 

i 216.3 

226.6 

160 

235.5 

255.1 

347.6 

350.2 

1 232.9 

244.2 

170 

250.8 

270.8 

367.3 

370.0 

: 247.3 

261.1 

ISO 

262.5 

286.9 

389.1 

389.0 

i 258.7 

275.5 

Total gain 
in 180 daTs 

198.5 

221.0 

294.4 

I 295.4 

204.8 

222.3 

Average 
daily gain 

1.10 

1.23 

1.64 

1.64 

1.14 

1.24 


months of age. The trials were carried on with all the heifer calves born 
in the herd during a period of about three years. It included 19 Guernseys, 
25 Jerseys and 28 Holsteins. The calves were assigned at birth alternately 
to the cdieek and experimental gzmips. The calves in both groups were fed 
and handled alike exceiit that 25 to 35 ce. of cod liver oil (U.S.P.) was fed 
daily to each animal in the supplemented group. Whole milk -was fed the 
first 30 days, and then skim milk to six months of age. The milk was fed 
at the rate of one-eighth the weight of the animal but not over 16 pounds 
daily per calf. Calves w^-ere allowed to eat all the alfalfa hay they wanted 
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at all times. Fair to good quality hay was fed. grain mixture consisting 
of equal parts by weight of oats, corn, and barley (all ground inecliiim fine), 
and wheat bran was fed ad libitum up to four pounds daih' per calf. Water 
and salt was available to the calves at all times. Calves were kept in large 
roomy pens with four or five of the same breed and of approximately the 
same age in each. They were allowed to exercise outdoors several hours 
daily when weather conditions permitted. 

Each calf was weighed within a, few hours after birth and at regular ten- 
clay intervals thereafter. Measurements of height at withers were made 
every 30 days beginning within a few weeks after birth. Frequent obser- 
vations were made of the physical condition and appearance of each calf. 

TABLE 2 


Effect on the Jieiultf at wilJter.s of caJrrs^ of ruiooii)^ breeds of Includhoj cod liver oil hi 
their ratirmfs to ISO dajis of af/e, Dafet calculated to a SO-day interval basis 



Guernseys 

Holsteins | 

Jerseys 



Cud 

NnijM'od 

Cod ! 

A’cm-eod 

Cod 

Age 

liver (.61 

liver <dl 

liver oil 

liver oil | 

liver cdl 

liver oil 



N<o in 

group 





7 

12 

1 

14 

12 

13 

flays 

cm. 

cm. 

1 cm. 

cm. 

cm. 

cm. 

10 

70.4 

71.8 

' 74.8 

74.1 

67.3 

67.9 

30 

72.4 

73.5 

! 77.6 

78.1 

69.4 

69.8 

60 

76.6 

76.8 

i 83.4 

83.6 

75.1 

75.0 

90 

81.2 

81.2 

' 89.4 

88.8 

80.1 

80.8 

120 

86.0 i 

86.6 

i 94.2 

94.0 

84.S 

86.3 

150 

90.4 

91.S 

i 99.2 

98.6 

89.8 

90.5 

180 

94.7 I 

96.2 

1 104.2 

103.1 

93.4 

95.0 

Total gain 







in Iieiglit 
ill 170 days 

1 24.3 

24.4 

' 29.4 

29.0 

26.1 

27.1 

Averjige 

i 





j 

(laily gain 

1 0.14 

0.14 

I 0.17 

I 0.17 

0.15 

I 0.16 


RESULTS AND DISCUSSION 

Data are presented in table 1, sliowiiig the weights at ten-day intervals, 
from birth to 180 days of age, of groups of calves of the Guernsey, Holstein, 
and Jersey breeds respectively, when fed cod liver oil and of corresponding 
non-supplementeci groups. Data relating to the average height at withers 
of the animals in the various groups at SO-cla}^ intervals are presented in 
table 2. As height measurements of calves at birth were seldom made, none 
are given in the table. 

From the, data in tables 1 and 2 it is apparent that adding cod liver oil to 
the rations had no evident effect on the rate of gain in height at withers of 
calves of any breed nor on the gain in weight of Holsteins. On the other 
hand the Guernseys and the Jerseys fed cod liver oil, gained an average of 
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22.5 pounds and 17.5 pounds more respectively per calf during the 180 days 
than those in corresponding noii-supplemented groups. Statistical analysis 
of the data indicate that these differences are slightly significant (9). 

The recorded observations indicate that less trouble from digestive dis- 
turbance vns encountered in young calves that were fed cod liver oil than 
among those in the noii-supplemented groups. It is also significant that a 
few calves in the non-cod liver oil groups died within a few weeks after birth, 
and others apparently were saved from this fate when cod liver oil was added 
to their rations. These facts largely aeconnt for the difference in number of 
calves in the supplemented and the non-snppleniented groups. Data relat- 
ing to the calves that died during the experimental period or that were 
transferred to a supplemented ration are not included in tables 1 and 2. 

Contrary to w’hat may have been expected, as based on the studies of 
Phillips (6) the cod liver oil supplement had no apparent effect on the rate 
of gain of calves until after they were about 90 days old. It seems probable 
that the whole milk, wdiich, generally is a rich source of vitamin A and caro- 
tene, helped to build up a small reserve of these factors in the body of the 
calf during the first 30 days when it was fed and this together with the caro- 
tene obtained in the limited quantity of hay consumed provided sufficient 
vitamin A for growth to about 90 days of age. Beyond that age, however, 
with the vitamin A reserve of the body largely exhausted the supply obtained 
from the roughage in the ration was not fully adequate except in the case 
of the Holstein calves. This difference may have been due to a higher caro- 
tene requirement by the Guernsey and the Jersey calves as has been suggested 
by Bo.yer et al. (1), or to their inability to utilize this factor as efficiently 
as the Holst eins. Also, it is possible that the Holstein calves consumed pro- 
portionately more roughage and thus obtained correspondingly more caro- 
tene. Unfortunately complete records were not kept of the quantity of hay 
consumed by each calf. To what extent results would have been eiianged 
had excellent, instead of fair to good, quality hay been fed can only be sur- 
mised. From the data presented it appears that it may be beneficial to feed 
cod liver oil to young calves, especially Guernseys and Jerseys, when rough- 
age only fair in quality is fed. 

SUMMAKY 

Comparisons were made using a total of 72 calves, including 19 Guern- 
seys, 28 Holst eins and 25 Jerseys, to determine the effect, if any, of adding 
cod liver oil, as a vitamin A supplement to the rations commonly fed to 
calves during the period to six months of age. Alternate animals were fed 
25-35 cc. cod liver oil daily beginning when the calf was only a few days 
old, in all other respects the plan of feeding was alike for both groups. 

Somewhat less digestive troubles occurred in the calves fed cod liver oil 
than among those in the non-siipplemented groups. No significant differ- 
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eiiee was noted in any breed in rate of gain in height at withers between the 
calves fed cod liver oil and those in the cheek group. Adding cod liver oil 
to the ration had no evident eJffect on the rate of gain in weight of Holstein 
calves. The Guernsey and the Jersey calves fed cod liver oil on the other 
hand, gained an average of 22.5 pounds and 17.5 pounds more per calf 
respectively during the 180-day period than those fed similar but iion-siip- 
plemented rations. 
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THE RELATION OP CHLORINE AND CATALASE CONTENT OF 
MILK TO ITS CURD TENSION^ 


E. a. HASTINGS AND ARTHUE EEEKSON 

Vnlversity of Wisconsin, Madison, Wisconsm, and Lakeshire-Mariy Co., 

Division of The Borden Co,, Blymouih, Wisconsm 

The type of eiird obtained from milk with rennet has been studied b,y 
many in attempts to relate the nature of the curd to one or more of the 
properties of the milk. The reaction of the enzyme and the milk will vary 
from sample to sample in its speed, that is, in the time required for the 
rennet to cause visible curdling under standard conditions of temperature 
and eoneentration of enzyme. The physical properties of the eoagulum will 
also vary from sample to sample. Most obseiwatioiis have been limited to 
the product of individual eow’s and also to relatively short periods. A field 
project on the manufacture of cheese presented an opportunity to stndy 
curdling properties and milk composition of each of six herds daily through- 
out a lactation period and the milk of each animal in each herd several times 
ill the period. 

The animals of the six herds, totaling 157 milking cows, freshened in 
early spring and were dried off in early November. The resting time be- 
tween lactation periods was thus longer than in herds in which production is 
maintained at a relatively constant level throughout the year. 

Firmness of the curd produced under standard conditions of temperature 
and concentration of rennet, chlorine and catalase content of the sample, and 
also the reducing power of each sample toward methylene blue and toward 
resaziirin were observed. The accumulated experience of many has shown 
that the mass of reproducing bacteria of the milk is the chief reducing con- 
stituent of milk toward methylene blue and that the mass of growing bacteria 
and the mass of body cells in milk are the reducing agents toward resazurin. 
The action of each of these two agents on resazurin can be separately deter- 
mined in some degree when the reducing power of the milk on this reagent 
is compared with the action on methylene blue. The reduction of resazurin 
can be divided into two phases : first, a change from the original slate gray 
color of the milk-resazurin mixture to a pink, and second, a change of the 
latter to white. The extent of the progress in each phase can be observed. 
If the content of a milk in body cells (leucocytes) or bacteria is high, the 
time required for the first phase of the reduction of resazurin will be short. 
The answer as to which of the reducing agents is responsible for a color 
change noted with resazurin is supplied by comparing results of the two 
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tests. If tlie bacteria are the chief cause of reduction in any sample, reduc- 
tion times with the two dyes will be much the same. If, however, the methy- 
lene blue indicates presence of few bacteria, then the rapid reduction of 
resazuriii to its pink foimi is due to body cells, the presence of which is indi- 
cated by the high catalase content, since the body cells are apparently the 
source of the catalase of milk. Its other constituents are devoid of this 
enzyme. The chlorine content of milk high in catalase will also be high 
since blood seriiiii ■will also be entering the milk system if cells are passing 
from the blood system into the milk system. Thus chlorine, catalase and 
body cells will tend to vary together in the milk of an individual cow and 
these variations will cause variations in reducing power of the milk toward 
resazurin. High bacterial content -will tend to obscure the latter relation. 

The entrance of blood serum into the milk system tends to raise the pH 
of the milk and increase the sodium : calcium ratio, changes that alter the 


TABLE 1 

The season history of the herds studied 


Herd • 

May 9 

Sept. 30 

Get. 24 

Cows 

Milk 

Cows 

Alilk 

Cows 

Milk 


.Va. 

% 

Ihs. 

% 


% 

Ihs, 

% 

Ko. 

% 

Ihs. 

% 

1 

34 

100 

1120 

100 

24 

70 

576 

60 

20 

60 

364 

32 

2 

33 

100 

902 

100 

31 

94 

446 

49 

31 

91 

324 

36 

3 

27 

100 

791 

100 

27 

100 

569 

72 

25 

92 

387 

49 

4 

21 

100 

450 

100 

17 

81 

235 

52 

14 

66 

242 

53 

5 

24 

100 

576 

100 

21 

88 

497 

86 

21 

88 

314 

54 

<3 

^ 18 

100 

606 

100 

17 

94 

360 

57 

i 15 

83 

258 

42 

Average 

157 

100 

741 

100 

137 

1 

87 

447 

60 

126 

80 

315 

42 


speed of reaction of milk with rennet and also the properties of tlie coagii- 
lum. It seems probable that the presence of an inflammatory process in the 
udder causes a decrease in the percentage of casein from that normal for the 
animal and changes its quality in such a manner that curdling with rennet 
is retarded and the firmness of the curd is decreased from that normal for 
the animal. It is also to be remembered that the curds formed in the milk 
of different cows by rennet will vary in physical properties due to the genetic 
pattern of the animal. In this ease the four quarters of the udder should 
produce milk showing the same type of coagulum, while in the ease of an 
inflammatoiy process the nature of the coagulum noted in the product of the 
affected quarter or quarters would differ from that of the normal quarter. 

This study is one of the relation of mastitis to the quality of milk and 
to the quality of the cheese made therefrom. The discussion is based wholly 
on comparative values, so it does not seem essential to describe in detail the 
methods used. The property of the curd observed ivas firmness or tension. 

The seasonal record of the herds is presented in table 1. 
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The curd tension of the entire quantity of milk produced in 24 hours was 
noted once or twice each week tlii'oughout the season. Eeadings were made 
30 and 40 minutes after the rennet %vas added to the milk. The relative 
values w’ere the same in either case. Only those noted after 30 minutes are 
■given in table 2. The product of herd 4 is markedly different in curd ten- 
sion from that of the other herds. 

In the detailed study of each herd it seemed that the clearest picture of 
the relation of mastitis to curd tension and to other items of interest would be 
obtained by comparing* animals that in May produced milk of a curd tension 
of 5 or below with animals that during the same period produced milk having 
a curd tension of 40 or above. One point of interest is the relation of curd 
tension to persistence in production. The data are presented in table 3. 
The sigiiifieanee of the data is only indicative on account of the limited num- 
ber of animals in each herd. 


TABLE 2 


Averaffe curd tension hy months of herd mill’ 


Herd 

1 


3 

4 

5 

6 

May 

13 

17 

18 

22 

12 

14 

June 

9 

9 

6 

13 

3 

4 

JiUt 

10 

12 

5 

14 

4 

8 

August 

4 

6 1 

5 

11 

2 

4 

September 

5 

i 

4 

16 

2 

5 

October 

12 

14 i 

12 

20 

10 

9 

Average 

8.S 

10.8 

8.3 

16.0 

5.5 

7.3 


Tlie entire comparison may be thus expressed. Twenty-five cows that 
produced milk of a curd tension of 5 or below in May gave in late September 
53.1 per cent as much milk as in May. Twenty-four cows that in May pro- 
duced milk with a curd tension of 40 or above gave in September 65.0 per 
cent as iiiiieh milk as in May. The observations conform with what one 
would expect in showing that mastitis is a factor in persistence of production 
ill any lactation period. 

CURD TENSION IN RELATION TO CHLORINE AND CATALASE CONTENT 

The relationship of curd tension to chloidne and catalase content of milk 
was also studied, using only the extreme cases, he., those with a curd tension 
of 5 or below and those with a curd tension of 40 or above. The judgment 
as to the members of the intermediate group would be questionable, hence 
the use of the extremes rather than the entire number of cows in the six 
herds. 

The catalase content of the milks was determined by eoilecting the total 
amount of oxygen set free from an excess of hydrogen peroxide by a quantity 
of the milk and expressing it in terms of percentage of the quantity of milk 
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TABLE 3 

The r€Jatio7iship of curd tension to persistence in production 



Curd tension 

On Sept. 25 produced of 
; the Muy 8 yield 

Herd 1 


; Per cent 

3 eows 

5 or less 

24.7 

3 eows 

40 or more 

68.0 

Herd 2 ! 



9 cows ' 

5 or less 

42 

3 eows 

40 or more 

50.0 

Herd 3 ' 

5 eows 

5 or less 

74 

3 cows 

40 or more 

60 

Herd 4 ■ 

0 eows 

i 5 or less 


6 eo’ivs 

40 or more 

65 

Herd 0 



7 eows 

5 or less 

1 92 

2 cows 

40 or more 

100 

Herd 6 



1 cow 

; 5 or less 

; 33 

7 eows 

j 40 or more 

: 48 


used, thus if 10 ee. of milk set free 10 cc. of oxygen its catalase Yaliie -would 
be 100. 

The values given in table 4 are the average of all observations during the 
entire period of observation. The relation of high chlorine and catalase 
content to low curd tension is to be noted in each herd except herd 5. Since 
the record of this herd differs so markedly from that of the other five herds, 
the detailed data are presented in table 5. Herd 5 contained many cows pro- 
ducing milk of low curd tension with no evidence of udder trouble as shown 
by the chlorine and catalase content of the milk. It has long been kiiovui 
that some eow’S normally produce soft-curd milk, while in others the changed 
composition of the milk is due to a disturbance in the physiology of the 

TABLE 4 

The catalase and chlorine content of herd mill: of low (ind 
high curd tension in Mag 


Curd tension 


5 or less 

40 or 

more 

Chlorine 

Catalase 

Chlorine 

Catalase 

% 

% 

% 1 

% 

' 0.169 

145 

0.117 

34 

! 0.170 

97 

0.125 

38 

I 0.146 

52 

0.128 

1 15 



0.117 

I 26 

I 0.114 

18 

0.130 

1 . 10 

: 0.184 

59 

0.121 

1 22 
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udder. As far as tlie writers know, tMs is tlie first instance of a iierd of 
apparently normal cows producing milk of low curd tension or soft-curd 
milk. The herds studied consist largely, if not wholly, of their own progeny ; 
the genetic factor responsible for soft-curd milk may thus be brought to 
attention in a degree not probable in a herd maintained by piircdiase. 

TABLE 5 


The catalase and cJilorine content of the mill: of individual cows of 
low and high curd tensi07i in herd S 


Cow 

Curd j 
tension j 

Clilorine 

Catulase ! 

i 

i 

Cow 

Curd 

tension 

Chlorine 

Catalase 




Mar 9, 

1941 




23 1 

0 ! 

0.114 

1 7 

1 

63 

0.135 

10 


I 



5 

48 

0.122 

14 





12 

42 

0.133 

6 




Mut 2t5, 

1941 




6 

0 

0.085 

7 

2 

48 

0.088 

o 

13 

0 

0.102 






14 1 

0 

0.091 

4 





15 

0 

0.097 

28 





18 

0 

0.091 

4 





19 

0 

0.093 

17 





22 

0 

0.101 

5 





23 

0 

0.083 

10 





25 

0 

0.092 

6 






0 

0.089 

35 








July 21, 

1941 




6 

0 

0.082 ■ 

12 1 

1 

42 1 

i 0.087 ' 

17 

7 

0 

0.100 i 

3 I 

2 

52 

1 0.082 i 

2 

14 j 

i 0 

0.102 ! 

6 

i 4 

65 

0.101 , 


15 i 

! 0 

0.079 1 

1 50 I 

5 

43 

: 0.086 

5 

18 

0 

0.103 ’ 

1 10 1 

11 

40 

: 0.098 

14 

22 

2 

0.103 

1 9 





23 

0 

0.099 

! 7 





27 

5 

1 

j 

i 18 









17 

44 

I 0.103 

9 




i 

24 

43 

i 0.103 

! 

33 




Aug. 7, 

1941 




6 

0 

! 0.079 

! 21 

2 

65 

0.081 

5 

7 

0 

: 0.066 

i 10 

12 

52 

0.062 

14 

14 

0 

i 0.086 

! 18 

17 

50 

0.097 

13 

15 

0 

0.100 

! 69 

24 

42 

0.106 

36 

18 

0 

0.107 

i 17 





22 

0 

0.087 

! 39 





23 

0 

0.084 

i 30 





27 

4 

0.090 

1 ■ 47 




! 


The resazuriii tests were observed at the end of each hour for five hours, 
and a number given to each sample at each observation. A low" number, 1, 
for example, indicates that little change in the color of the dye was noticed 
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TABLE 6 


The reJationsliip of re.^azurhi redaction after 1 hour incuhation to curd tension, 
chlorine and catalase content of millc 


Herd 

Curd tension 

Cows 

Chlorine 

Catalase 

Eesaznriii 

1 

5 or less 

6 

0.169 

145 

4.0 

1 

40 or more 

10 

0.117 

34 

2.0 

2 

5 or less 

15 

0.170 

97 

3.5 

9 

40 or more 

3 . 

0.125 

38 

1.0 

3 

5 or less 

6 

0.146 

52 

1.6 

3 

40 or more 

3 

0.128 

15 

1.0 

4 

5 or less 

0 




4 

40 or more 

7 

0.117 i 

26 

I’s 

d 

5 or less 

1 

1 0.114 

17 

1.0 

5 

40 or more 

3 

1 0.130 

10 

1.3 

6 

5 or less 

9 

' 0.184 

59 

4.0 

6 

40 or more 

6 

1 0.121 

22 

1.5 


at that period of obserA’ation, while a high number indicated much greater 
reduction at the period of observation. Thus, 1 at the fourth hour means 
a milk very low in bacterial content and in cells, while 5 at the first hour 
means a milk high in bacteria or in body cells, or in both. The answer as to 
which is given by the methylene blue test. The milks in question w^ere con- 
stantly so low in bacteria that a rapid reduction wdtli resazurin may be used 
as an evidence of high content in body cells. It thus seems proper to use the 
averages of the resazurin reading of the two classes of cow’s — those pro- 
ducing milk of a curd tension of 5 or below and those showing a tension of 
40 or above. 

Table 6 presents the average reading of the resazurin test at the end of 
the first hour for the two groups of cows in each of the six herds on a par- 
ticular day in May. The expected relation between liigh chlorine and cata- 
lase content and rapid reduction of resazurin is shown in each herd except 
5, ill which the more rapid reduction was noted in the high tension group 
of cows. The number of coavs in each group of this herd Avas so small that 
the figures can be only suggestiA^e. The smallness of the groups representing 
the extreme high and Ioav values indicates that the herd consists largely of 
normal animals. 


TABLE 7 

The relationship of catalase content of mill' to the 
rapidity of reduction of re,sa:ii{rin 


Herd 

Average catalase 
content 

' Average reading in resazurin 
; test, 1 hr. 

1 

56 

; 3.0 

2 

65 

' 3.2 

3 

48 

2.5 

4 

29 

1.9 

5 

25 

1.4 

6 

48 

I 2J 
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Tlie reiationsliip between tlie average catalase content of tlie entire 
aiiioiint of iiiilfc delivered at the factory to the average reading of the resa- 
ziirin test at the end of the first hour for each herd is shown in table 7. 

The relationship between catalase content and reducing power toward 
resazuriii is clearly evident from the data, which also show that herd 5 is the 
only one of the six that can be considered as producing normal milk, since 
the milk of cows with healthy udders should not exceed 25 in its catalase 
value. Indeed, the value 20 is most frequently found in the literature on 
the subject, and in the experience of the writers some herds will consistently 
produce milk that will not exceed this value. The same is true of most first 
lactation cows. 

The cause of the condition noted in herds 1, 2, 3 and 6 cannot be stated 
with certainty. From the few obseiwatioiis made as to the presence of 
streptococci in the milk of individual cows, one is inclined to consider them 
as the prime disturbing agent. The observations of the senior author indi- 
cate that herds in similar condition are to be found in all areas. It is hoped 
tiiat the incidence of such herds is not as high as in the six studied, for they 
cannot serve as the foundation of a suceessfiil farm or of a successful cheese 
industry. Some program of herd management should be developed through 
the use of which such herds can be placed on a more normal base. 

SUMMARY 

The tension of the curd produced under standard eoiiditioiis in the 
24-liour product of each of six herds was noted frequently throughout a 
period of six months. The product of one herd (No. 4) had an average curd 
tension approximately twice as great as that of the other five herds and is 
believed to represent what one would expect to obtain from a group of cows 
wfith healthy udders. The low curd tension of four of the remaining five 
herds is believed to be due to the high incidence of chronic mastitis in these 
herds, since the product thereof was abnormally high in catalase and in 
chlorine. The low curd tension noted in the product of the remaining herd 
(No. 5) is believed due to the genetic pattern of the members of the herd 
since the chlorine and catalase content of its product was normal. 

The record of the four herds indicates them to be agents of low value for 
file production of milk both from the standpoint of quantity and quality 
of milk. 




THE VISCOSITY OP EVAPORATED MILKS OP DIFFERENT 
SOLIDS CONCENTRATION 

E. F. DEYSHEK, B. H, WEBB, anb G. E. H0L:\I 
DlvL'sioa of Dairy Eenearcli Lahoratorics^ Bureau of Dairy Induntry, Agricultural 
Beaearch Ad ministration j V. S. Department of Agriculture 

Tlie viscosity of evaporated milk is an important cdiaracteristie because, 
ill the minds of many consumers, it indicates a quality of ‘ richness. ' ’ Of 
greater sigiiificanee, however, is the fact that an increase in the viscosity of 
the evaporated milk retards the rate of fat-separation in storage, since the 
pheiioinenoii of fat-giobiile-rise is largely a function of size of globules and 
viscosity of mecliiiin. Objectionable fat-separation may oecixr because of 
iiiipro]>er liomogenization of the milk or because the body of the evaporated 
product is too "thin/^ This reiiort is a discussion of a i)reiirninary study 
of the \'iscosity of evaporated milks of different concentrations and of the 
effects of different manufacturing and storage conditions. 

Some years ago xireliminary observations were made in these laboratories 
on evaporated milks that contained approximately 26 per cent of milk solids. 
Forewarmiiig the whole milks up to 100^ C. (212^ P.) was carried out in a 
steam- jacketed liotwell; forewarming at 100" C. to 120° C. (248° P.) was 
accomplished in an autoclave. The reciprocal relationship of heat stability 
and consistency was noted in many instances. For example, forewarmiiig 
a milk at 70° C. (158° P.) for 10 miiuites usually rendered its evaporated 
product less stable than an evaporated product from a milk heated to 95° C. 
(203° F.) for 10 minutes. However, as a rule the eonsisteney of the former 
product at coagulation was greater. In several cases, milks heated to 105° C. 
(221° P.) for 10 minutes produced evaporated products of greater stabilit}’ 
than those from other samples fore^varmed at lower temperatures. The con- 
sistencies of the milks heated to the higher temperatures were less. 

These results were similar to those obtained by Grindrod (1), who sub- 
jected milk to the “impact process^’ of steiulization and found that milk 
heated to 110° C. for one ininiite possessed greater heat stability than did 
milk forewarmed at the eommereially used temperatures (90°-100° C.). 
The resulting evaporated milk tvas too fluid. 

Hiinziker (2) states that forewarming temperatures above the boiling 
point produce maximum stability but low viscosity while the reverse is true 
at lower forewmrming temperatures. Recent w^ork in these laboratories 
(5, 6) has shown that the heat stability and concentration of evaporated 
milks can be' greatly increased by the use of high temperatures applied to the 
milk for a short time. By means of this method of treatment, samples with 
a wide range of concentrations and stabilities were made available for vis- 
cosity deterniinations. 
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EXPERIMENTAL 

"Whole milk from the BeltsTille herd of the Bureau of Dairy Iiidiistr 3 ^ 
was standardized to a fat to solids-not-fat ratio of 1 to 2.29. Bxperiiiieiital 
samples were prepared, both wdth the usual forewarniiiig and with the high- 
temperature forewmrmiiig procedure described elsewhere (5, 6). The milks 
forewmrmed at 95° C. for 10 minutes were heated in a steam- jacketed hotw^ell. 
Those forewarmed b}^ the high-temiDerature short-time method were heated 
ill a Mallory heater (3). 

After the milk was forewarmed it was concentrated in a stainless steel 
vaeiiuni pan to 32-35 per cent solids, heated to 60° C., homogenized at a 
pressure of 2500 pounds per square inch, and cooled. Precautions ivere 
taken throughout the work to obtain uniform homogenization in all batches 
and thus to eliminate any Tariable which might result from a lack of uni- 
formity in fat-globule size. Small quantities of the milk were diluted wuth 
water to the desired solids content. The heat stabilitiq or time required to 
initiate coagulation, in these samples at 115° C. w^as then determined by 
heating them in small cans in a pilot sterilizer. The sterilizer reel revolved 
at the rate of 4 rpm. and cluiuiig the treatment of all samples it was allow’ed 
to run continuous^. 

Viscosity determinations \vere made on 150-gram samples with a Mc- 
Michael viscosimeter. The measurements Tvere made at 20° C., unless other- 
wise stated. The wires w^ere standardized against sugar solutions of known 
viscosity and all results were converted to eentipoises. The cans of milk 
^vere stored in constant-temperature rooms, undisturbed, until viscosity 
determinations were to be made. Samples were adjusted to the temperature 
of measurement b^’^ immersing the cans in a \vater bath for several hours 
before opening them. Excessive fat-separation in occasional samples made 
it impossible to obtain accurate measurements on snch milks, and conse- 
qiienth' some inconsistencies in the data w^ere caused this change in 
fat-dispei'sion. 

RESULTS 

The data plotted in figures 1 and 2 show the course of. viscosity- develop- 
ment in concentrated milks of different tjqoes during heating to and bejmnd 
the point of coagulation. The effect of aging milk and of the addition of 
lactic acid upon the body produced during sterilization is shown in figure 1. 
The curves in figure 2 show the viscosities of milks of different eoncentrations 
after various periods of heating at 115° C. The samples of figure 1 were 
forewarmed b}^ usual commercial methods (95° 0. for 10 minutes) while 
those of figure 2 (except the ‘^95°^’ controls) were forewarmed at high tem- 
peratures and held for 25 seconds. These figures indicate how rapidlj^ the 
viscosity- of the evaporated milks increased just before and after coagulation. 
The viscosities at coagulation decreased as the heat stabilities of the milks 
increased. 
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Pig. 1. Tlie relatioiiship bet-\veen the lieat stability of concentrated niillc and the 
Yi^eosity -whieli is developed in it during heating at 115- C. (239° F.‘). The arrows indi- 
cate the time of the appearance of visil.de coagulation. All milks were forewarmed at 
95° G. (2M3° F.) for 10 minutes before eoncentratioii to 26 per cent solids content. 

The relationship between the viscosities of evaporated milks of different 
solids content and their heat stabilities is shown in figure 3. The body of the 

TABLE 1 

Tlie elfect of cliffei'enees in hrat sfablUf^n upon the viseo.^ifp of evaporafetl wRlcs sterilised 
at 115^ C, (;1S9° F.) for IS minufts and held in storage. The differtnt stahiUsing 
heat treatments used on the raw and concentrated milJrs are indicated. Samples 
hearing the same date were prepared from a common sample of raw rnilh. 


Date 

Pre-sterilization heat 
treatment of milk 

r— 1 X 

■IS 

."S" 

l-M SC 

Viscosity at 30° 0. (86° F.) 
after storage at 30° C. 

Raw milk 

Coiieen- 

trated 

milk 

No 

storage 

10 

days 

30 

days 

225 

days 

410 

days 

E"' 

Time 




°0. 

min. 


min. 

% 

min. 

c.p. 

c.p. 

€,p. 

c.p. 

c.p. 

12/2/41 

95 

10 



26.0 

44 

26 

12 

13 

13 


12/29/41 

140 

1 



! 31.7 

23 j 

174 

95 

47 

51 


2/13/42 

95 

10 



1 26.0 

43 j 

30 

19 

16 

24 



120 

2 



34.9 

25 ! 

460 

222 

156 

360 


6/25/42 

95 

10 



27.7 

23 

58 

24 

19 

18 

15 


95 

10 

120 

0 

27.7 

34 

25 

16 

15 

14 

15 


95 

10 

130 

0 

1 32.5 

44 

66 

43 

37 

53 

55 


95 : 

10 

140 

0 

37.2 

35 

165 

132 

121 : 

213 

191 

7/9/42 

95 

10 

120 

4 

35.0 

22 

207 

165 

170 

197 1 

290 

7/13/42 

95 

10 



27.6 

29 

i 45 

18 

16 

15 1 

17 


95 

10 

120 

0 

27.6 

46 

24 

14 

13 

18 i 

20 


120 

1/4 



27.6 

36 

34 

14 

13 

16 : 

49 
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milk was greatly influenced hy the heat stability of the sample while one of 
the important factors affect ing stability was concentration. Tlie effect of 
lieat stability upon the viscosity of some milks of different concentrations 
is sliown also in table 1. 

Results Ydiicli show the extexit of the viscosity changes in evaporated milk 
subjected to different manufacturing and storage conditions are presented 
in figures 4 and 5 and in table 1. Tlie important changes during storage 



Fia. 2. The relationship between forewai*ming teniporatnre, heat stability and the 
development of viscosity in two evax^orated milks daring sterilisiation. The solids content 
of the milk is indicated in each quadrant. The forewarniing tempera tiiro is given for each 
curve; the forewarniing time of the 95° C. Bnmx>les was 10 minutes while for tlie other 
samples it was 25 seconds. The arrows indicate the time of the appearance of visible 
coagulation. 

were : a thinning of all samples during earlj^ stoimge, then a period of only 
slight viscosity change, and finally a thickening in some of the milks. 

The initial loss in body in all the milks tested was retarded by low storage 
temperatures. Samples of a representative 26 xier cent solids milk held 
55 days at 25° C. decreased in viscosity to the same extent as other samples 
held 8 days at 40° G. Samples held 55 days at 16° G. had the same viscosity 
as those held 5 days at 25° C. 
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Data on the effect of aging whole milk upon the viscosity of its 26 per 
cent evaporated milk were obtained. Fresh milk was held at 37 C. for 
2 hours during* which time the acidity increased from 0.18 to 0.21 per cent. 
Aging the fresh milk affected the viscosity of its evaporated product indi- 
rectly through its effect upon heat stability. Thinning of the milks during 
storage did not appear to be caused by the aging treatment. 

The differences in the kind of body which may be expected in storage 
samples of evaporated milk of approximately 30 per cent solids content is 



Fig. Viscosities of evaporated milks of different keat stabilities measured after 
completion of the normal sterilizing process. Each milk was cooked for 18 minutes at 
110’^ C. (239° F.), cooled to 20° C. and the viscosity determined within 3 hours after 
imocessiug. 


shown in figure 4, Milk A showed progressive thickening after com,pletioii of 
the initial thinning reactioiij while milk B remained substantially unchanged 
in viscosity during the storage period. 

Data on foreivarmiiig treatment, solids content, heat stability and vis- 
cosity of six batches of milk are given in table 1. The samples were stored 
and viscosity measurements were made at 30® C. The loss in the viscosity 
of these samples after 10 days^ storage at 30® C. averaged 41 per cent of the 
original viscosity values. There was an additional average loss of 10 per 
cent of the original values during storage between the 10-day and 30-day 
periods. These losses are of the same order as those reported by Mojonnier 
and Troy (4). 
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TIME OF STORAfGE (DAYS) 

Pig. 4. Tlie effect of time and temperature of storage upon tlie viscosity of two 
evaporated milks. The time of observance of heavy fat separation is indicated by arrows. 
Only moderate fat separation w’as noted in the 16® C. samples at the end of the storage 
period. Sample 12/16/41 Tvas forew^armed at 140® C. (284® P.) for 30 seconds, con- 
tained 30.0 per cent solids and had a heat stability of 56 minutes. SamiDle 12/22/41 was 
forewarmed at 130® C. (266® F.) for 30 seconds, contained 31.7 per cent solids and had a 
heat stability of 33 minutes. 



0 40 80 120 O 40 80 120 160 

TIME OF STORAGE (DAYS) 


Fig. 5. The effect of time and temperature of storage upon the viscosity of samples 
of an evaporated milk sterilized with and without stabilizers. The time of observance of 
heavy fat separation is indicated by arrows. Only moderate fat separation was noted in 
the 16° C. samples at the end of the storage period. The milk was forewarmed at 95° C. 
for 10 minutes before concentration to 30 per cent solids content. The heat stabilities of 
the samples ’were: no stabilizer — 26 min., bicarbonate stabilizer (4f oz. per 1000 lbs. 
milk) — 34 min., phosphate stabilizer (18 oz. per 1000 lbs. milk)— -37 min. 
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Tlie effect of large quantities of two stabilizing salts on the body changes 
of an evaporated milk during storage at three temperatures is shown in 
figure 5. This milk was representative of six samples upon which data of 
this nature were obtained. The high viscosity of the control sample can be 
attributed to its low stability. 

Observations on fat-separation during storage were made on the evapo- 
rated milk samples in conjunction with the viscosity determinations. Fig- 
ure 6 shows in a general w^ay the relationships between temperature and 
time of storage. The curve for excessive fat-separation w^as based on visual 
observations j exact measurements were not made. If it is considered that 
cans of evaporated milk should be turned when the^^ have stood half the time 



TEMPERATURE OF STORAGE 

Fig. 6. The effect of temperature and time of storage upon fat separation in evapo- 
rated milks. The upper curve is based on average values from 20 milks of 26-32 per cent 
solids content held in undisturbed storage at different temperatures. The lower curve is 
an estimate of the time at which cases of evaporated milk in storage should be tu!nied. 

necessary to cause excessive fat-separation, the low^er curve of figure 6 may 
be drawn. It would, therefore, seem reasonable to require the turning of 
cases of evaporated milk at some regular interval which lies below the lower 
curve of figure 6. For example, at 25*^ C. (77° F.) the milk should be 
turned every 6 weeks. 

DISCUSSION 

The viscosity of evaporated milk passes through well-defined changes 
arising from the manufacturing processes and the storage conditions to 
which it is subjected. There is first a thickening during the heat of sterili- 
zation, then a thinning during early storage and finally, after long periods 
of storage, the viscosity may again increase until a gel has formed. 

The rate of thickening of evaporated milk during the sterilization process 
is variable, being the greatest shortly after heating is begun and immediately 
before coagulation appears. "While the rapid thickening immediately pre- 
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ceding visible eoagiilatioii is, no doubt, a part of the eoagiilation process, all 
milks do not attain tlie same body before coagulation begins. Tlie attainable 
bod;y at coagulation seems to depend priinaril^' upon tlie heat stability of the 
milk. Heat stability, in turn, is largely influenced by the concentration of 
milk solids, the conditions of forewarming, and the ionic equilibrium which 
exists in the serum. 

The results of a number of experiments with milks differing in quality 
and forewarmed at different temperatures indicate that the relationshiii 
between the attainable viscosity at coagulation and the heat stability of the 
OAuiporated product is of a reciprocal nature. 

Thickening in evaporated milks during sterilization does not proceed 
rapidly until about 10 minutes before coagulation. A processing period of 
about 20. minutes is generally favored in commercial iiractice. If a heavy, 
creamy body is to be developed, the heat stability of the milk should not 
exceed 30 to 40 minutes. When the cooking time to be used approaches the 
heat-stability time, extensive increases in viscosity may be encountered. 
Figures 1 and 2 show the thickening for which each minute of heating may 
be responsible when the milk is in the precoagulation phase. Milks with 
stabilities in excess of 50 minutes will be exceedingly thin after heating 
them at 115^ C. for 20 minutes unless an increase in solids content is 
depended upon to build body. 

The first change which occurs in the body of evaporated milk during 
storage is a rapid tliinning, an effect which is accelerated at high storage 
temperatures. As thinning progresses a viscosity level is finally reached 
which may be termed the basic storage viscosity. In this region the viscosity 
ceases to decrease so rapidly j there is a distinct flattening in the viscosity 
curve (figs. 4 and 5, and table 1). As the milk loses body, another storage 
change, a separation of the fat, begins. 

During storage, control of the body of evaporated milk should be first 
5 Xfircerried with methods for delaying the initial thinning x^^'oeess and estab- 
lishing a relatively higli basic storage viscosity. Attainment of the basic 
storage viscosity may be effectively delayed by subjecting the milk to low 
^fforage temperatures. When evaporated milks were stored 60 days at 20° C. 
(68° F.) or lower, the loss in viscosity was less than the loss which occurred 
utter 10 days at 40° C. (104° F.). Evaporated milks subjected to storage 
temx->eratures above 30° C. (86° F.) often reached their basic storage vis- 
cosity in 10 days. 

Although the level of the basic storage viscosity was determined largely 
by heat stability, it was also influenced by the solids content of the milk. 
The 37 per cent solids milk of June 25, table 1, had a stability of 35 minutes 
and a viscosity after 30 days^ storage of 121 eeiitipoises. A portion of the 
same milk forewarmed at 120° C. (with no holding time) to give the same 
stability (34 minutes) at 27 per cent solids content had a viscosity of only 
15 centipoises after 30 days’ storage. 



THE VISCOSITY OF EVAPORATED MILKS 


35S 


No manufacturing treatment, sucli as alteration in the type or conditions 
of forewarming, has yet be:en found which proved capable of preventing the 
initial rapid loss in the viscosity of evaporated milk during storage at high 
temperatures. 

The last stage in body deterioration of evaporated milk consists of a 
thickening of the milk, which sometimes reaches the point of gelation. 
Storage thickening is rarely found in the commercial product, partly because 
much of the milk is consumed before thickening sets in and partly because 
some milks apparently never would reach .this phase of development. Before 
thickening becomes objectionable an excessive fat-separation can generally 
be observed. The viscosity increase during storage usually starts too late 
to be vei'y helpful in retarding fat-separation. 

Certain samples, such as milk B, figure 4, did not thicken. The storage 
viscosity curves of many 26 per cent evaporated milks followed the course 
of milk B. High-solids milks thickened more readily than did 26 per cent 
milks but the greatest increase oecurred in the solids range above 32 per cent. 

The use of sodium bicarbonate as a heat stabilizer (fig. 5) accelerated 
storage thickening in several milks but not before a lieavy layer of fat sepa- 
rated from the samples. Sodium bicarbonate is no longer used as a stabilizer 
in the manufacture of evaporated milk. 

Evaporated milks whicli have been subjected to sterilization processes 
requiring only a minute or two to comxilete and consequently which have 
little cooked flavor and color are known to thicken quickly during storage. 
Evidently the drastic heat treatment of the commercial product retards 
storage thickening while the mild treatment given various experimental 
batches permits it. 

Little is known of the real cause of thickening in evaporated milk during 
storage. It may be a slow continuation of the coagulation process accom- 
panied by an orientation of the caseinate molecules which finally produces 
an irreversible gel structure. Molecular orientation is suspected as being 
involved because undisturbed storage appears to promote thickening and the 
early incipient gel structure may be easily reduced by sliaking. 

It is hoped that future investigations on the viscosity of evaporated milk 
will eventually indicate a means of controlling the thinning and thickening 
processes so that a good body in evaporated milk can be produced and perma- 
nently held during storage. 

SUMMARY 

1. The viscosities of evaporated milks of 26 to 36 per cent solids concen- 
trations followed a well-defined pattern during processing and storage. 
Thickening oecurred during the sterilization process i this was followed by 
a loss of body and a thinning early in the storage period. The low storage 
viscosity was maintained for various and unpredictable lengths of time, dur- 
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iiig wliicli fat-sej)aratioii occurred. Late in tlie storage period a final thick- 
eiiiiig, whieli often proceeded to gelation, sometimes set in. 

2. Tlie rate of thickening of evaporated milk during sterilization at 
115° C. (239° F-), although variable, becomes greatest in the lO-minute 
period immediately preceding coagulation. A heavy, creamy body could be 
developed during this pre-coagulation stage. In general, the lower the heat 
stability of a milk, the higher the viscosity it would develop during the 
10-minute period preceding coagulation. Concentrated milks of high heat 
stability which reached the end of the sterilization period before entering 
the thickening phase did not develop, during processing, the high viscosity 
shown by milks of lower heat stability. 

3. The body formed during the sterilization of milks of different concen- 
trations became greater as the solids content of the milk was increased. The 
heaviest viscosities were i)rodueed in milks of high concentration and low 
heat stability. 

4. V ariations in milk quality and in forewarming procedures affected the 
viscosity of evaporated milk indirectly through their effect upon the heat 
stability of the milk. 

5. The magnitude of the decrease in the viscosity of evaporated milk 
during early storage was dependent upon the storage temperature. At tem- 
peratures below 16° 0. (60.8° F.) the loss of body was small. At tempera- 
tures above 30° C. (86° F.) evaporated milk sometimes lost 40 per cent of 
its original viscosity during the first 10 days of storage. 

6. After the initial thinning in the viscosity of evaporated milk held in 
storage at constant temperature, a basic storage viscosity level was reached 
beyond which the rate of viscosity loss during prolonged storage was small. 

7. Some evaporated milks, especially those receiving light heat treat- 
ments and those witli a high concentration of solids, began to show increases 
m viscosity even to the point of gelation, late in the storage period. 

8. The results indicate that the x^roeedure for developing and maintain- 
ing a satisfactoiy body in evaporated milk whicli is used by many manu- 
facturers conforms to the best x^ractice that can be devised from our x^i'es- 
ent state of knoAvledge. Assuming efficient homogenization and uniform 
handling of the canned product, important steps in body control are: (a) 
adjust the heat stability to a value of a few minutes greater but not more 
than twice the cooking time, bearing in mind that viscosity increases rapidly 
during the 10 minutes x)receding coagulation; (b) store the finished milk 
at a temperature below 21° C. (70° F.) ; (e) turn tlie cases approximately 
every six weeks ; (d) the viscosity may be increased by raising the milk solids 
content of the product. 
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THE BACTERIOLOGY OP BULL SEMEN. 11. THE EFFECT OP 
BACTERIA UPON RAPID TESTS FOR SEMEN 
QUALITY 

I. G. CtUNSALUS, J. J. R. CAMPBELL, G. H. BECK and G. W. SALISBURY 
Laboratory of Bacteriology and DeparUnent of Animal Busbandryj 
Cornell University j Ithacaj Netv Yorb 

In a recent report Beck and Salisbnrj (1) have proposed two rapid 
metliods for estimating the quality of bull semen; namely, the rate of 
methylene blue reduction by semen in yolk-citrate diluent and the survival 
of spermatozoan motility during short-time-high-temperature incubation. 
The following work was undertaken to detexunine the effect of bacterial con- 
tamination upon the accuracy and validity of these quick tests, especially 
the specific effect on the methylene blue reduction rate. The effect upon 
the methylene blue test wus studied by two methods : first, by calculation of 
the multiple correlation coefficients to make allowance for the reduction due 
to spermatozoa and other known factors (1) in semen samples; and, second, 
by determining the methylene blue reduction time when pure cultures of 
bacteria were inoculated into yolk-citrate diluent, with and without seminal 
plasma. The effect of the short-time-high-temperature incubation test upon 
the bacterial content of semen has also been determined. 

A preliminary estimate of the effect of bacteria upon the methylene blue 
reduction test may be obtained by an examination of the data available for 
other biological fluids, as for example milk. Thornton and Hastings (7) 
using 1 : 200,000 methylene blue at 37^ C. found the bacterial count at the 
time of complete reduction to range from 3.5 to 45 million bacteria per ml. 
No sample with an initial count of fewer than 20 million bacteria per ml. 
gave a redaction time of less than one-half hour. In this and similar work 
the factors shown to affect the reduction time are the type of bacteria, their 
physiological condition, the temperature, the nature of the substrate present, 
and the concentration of methylene blue to be reduced. That storage may 
also be a factor was shown by Fayer (3) who stored milk samples at 4° C. 
for 18”72 hours and found a decrease in the rate of methylene blue reduction 
without a change in bacterial count. Bacterial counts of the magnitude 
usually found in semen samples would not on the basis of the findings of 
Thornton and Hastings (7) be expected to affect the proposed methylene 
blue reduction test. 

EXPERIMENTAL 

Methods 

The semen samples used in these experiments were obtained under 
routine conditions either from bulls in the dairy herd at Cornell University 
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or from bulls owned by tlie New York Artificial Breeders’ Cooperative in 
Syracuse, New York. All semen samples were collected witli the artificial 
vagina. The semen was handled during examination, dilution and prepara- 
tion for storage after the methods described by Willett and Salisbury (8). 
The methjdeiie blue reduction tests were carried out as previously described 
(1). Briefly the test involves an observation of the time required for the 
complete reduction of 1 : 40,000 methylene blue by bull semen diluted at a 
constant rate with yolk-citrate diluent. With the exception of the experi- 
ments to determine the effect of various temperatures on the reduction time 
and upon bacterial numbers, the tests were run at 45° C. Bacterial counts 
were made on 2 per cent blood agar plates incubated 3 days at 37° C. 

The effect of l)acteria present in semen on the reduction test 

For determination of the effect of bacteria, freslaly diluted semen sam- 
ples were selected from the bulls found in earlier studies (4) to yield semen 
eontaining the highest bacterial counts. Semen from these bulls was also 
of poorer than average quality in other respects; i.e., long methylene blue 
reduction times had been noted. These samples were selected as those most 
likely to give erroneous estimates of semen quality if bacteria have a signifi- 
cant effect upon the methylene blue reduction test. 

A factorial experiment was designed to simultaneously study the effect 
of the number of bacteria on the methylene blue reduction time at several 
temperatures and the effect of a 45-minute incubation period at these tem- 
peratures on the bacterial count. Samples of the same ejaculates were 
stored for 2, 4, 6, 8, and 10 days, followung which bacterial counts and 
methylene blue reduction tests were run. Aliquots of the same samples w^ere 
incubated and stored with and without methylene blue. In this way the 
effect of high-temperature incubation, apart from methylene blue, upon the 
bacterial eoxxnt was determined. Tlie methylene blue was added to one 
series of stored samples with the tliought that if the reduction time was not 
influenced by bacterial growth, or other factors, the relative metabolic 
activity of the semen could be determined at any time during storage by 
simply warming a sample to the proper temperature and observing the 
reduction time. 

For each ejaculate the spernxatozoan concentration was determined at the 
time of collection and the motility was observed immediately before each 
methylene blue reduction test was performed. Thus, it was possible to deter- 
mine the multiple effects of storage interval, spermatozoa count, motility, 
and bacterial count on the time required to reduce methylene blue. Ten 
ejaculates were used and 21 individual plate counts, motility estimates and 
methylene blue reduction tests were performed on each diluted ejaculate. 
It was later found necessary in the statistical analysis of the storage experi- 
ment to remove the data for two ejaculates as the semen was of such poor 
quality that it did not reduce the methylene blue in the time allotted for the 
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incBbation period. Tlie removal of these data had no influence on the con- 
clusions drawn from these experiments. 

For fresh samples the correlation coefficients between methylene reduc- 
tion time for each of the following was : spermatozoan concentration, - 0.7780 ; 
spermatozoan motility, 0.3431 ; and bacterial count, - 0.1427. The coefficient 
for spermatozoan concentration is the only significant observation (ii = 10) . 
Though these fresh samples contained a wide range of bacterial counts the 
number present have but a minor influence on the methylene blue reduction 
time. The stored samples show'ed even -wider variation in bacterial count. 
With these samples the calculated correlation coefficients for each of the fol- 
lowing was: spermatozoan concentration, -0.6126; spermatozoan motility^ 
-0.3110; and bacterial count, -0.1022 (n = 48). The first t-wo coefficients 
are statistically significant, the last is not. Even with the larger number of 
observations the data indicate that the part played by bacteria in the reduc- 
tion time is not large. All samples contained predominantly diphtheroid 
organisms, except one ejaculate in wffiieh the majority of the organisms were 
Pseudomonas aeruginosa (pyocyafienis) , 

The mean data for the fresh and stored samples are shown in tables 1 
and 2. The methylene blue reduction times for fresh semen are too short 
for bacterial multiplication, to be an important factor, when the tests are 
run at temperatures above 45° C. as recommended. In fact, the experiments 
show (table 1) a decrease in bacterial count at temperatures of 45° C. and 
above. The decrease is especially marked in the presence of methylene blue. 

The stored samples (table 2) showed, on the average, a slight decrease 
in bacterial count over the first 4 days followed by an increase. Over this 
period, the methylene blue reduction time increased slightly and then de- 
creased. The correlated changes are, however, too slight to be of significance. 

The effect of methylene blue on the niimhers of hacteria 

Prom table 1 a comparison of the numbers of bacteria found in semen 
samples after 45 minutes incubation with and without methylene blue may 
be obtained. The samples used liad stood at the laboratory temperature for 
about 30 minutes before incubation, which time wms found to be the average 
required to set up the experiments. In table 2 may be seen a similar com- 
parison of bacterial counts made on the same ejaculates after storage at 5° C. 
The methylene blue had been added to one series of samples before storage, 
and to the other just prior to the 45-minute incubation period. As limited 
reduction had proceeded in the samples to which methylene blue was added 
before storage, the reduction times were shorter than for the samples to 
-which the reagent w’-as added just before incubation. 

It will be noted that incubation of the fresh semen in the presence of 
methylene blue reduced the bacterial count in all cases. In the absence of 
methylene blue, the count decreased only at the two higher temperatures. 
An analysis of variance of the data showed these differences to be highly 



Mean metliyleiie blue reduction time during and mean bacterial counts after 45 minutes ^ incubation at 
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significant. These facts support the use of 46.5° C., previously suggested 
by Beck and Salisbury (1), for the short-time-liigh-temperature incubation 
and methylene blue reduction tests. These workers have shown a very high 
correlation between the decrease in motility at 46.5° C. in 1 hour and the 
decrease in motility during 10 days’ storage at 5° C. The bacterial count 
for samples stored with methylene blue was slightly lower in all cases than 
samples stored without methylene blue, but the difference was so small as to 
suggest that this was only a chance deviation. In the previous report (1) 
it was shown that the amount of methylene blue used did not have a detri- 

TABLE 3 

Methylene "blue reduction test on pure cultures of bacteria in yollc-citrate diluent 


Days stored at 5° C. 



0 

5 

10 


Bac- 

terial 

count 

Reduc- 

tion 

time 

Bac- 

terial 

count 

Reduc- 

tion 

time 

Bac- 

terial 

count 

Reduc- 

tion 

time 

Escherichia coU 

Aerobacter aerogenes 

Pseudomonas aeruginosa 

Staphylococcus aereus ... 

Diplitlieroid. strain 1 

2 

millions 
per ml. 

130.0 

1.500.0 

900.0 

800.0 

1.200.0 

2.0 
■ 7.0 

min. 

31 

> 120 

> 120 

> 120 

millions 
per ml. 
0.6 

15.0 

48.0 
750.0 
750.0 

9.0 

0.18 

15.0 
0.13 

21.0 

1 min. 

40 

11 

millions 
per ml. 
11.0 

13.0 

320.0 
1,000.0 

36.0 

120.0 

9.0 

6.0 
0.3 
4.0 

min. 

100.0 
> 120.0 
7.5 
. 4.5 

10.0 
6.0 
14.0 

None (control) 

thou- 
sands 
per ml. 

0.03 

min. 

thou- 
sands 
per ml. 
0.3 

min. 

thou- 
sands 
per ml. 
4.0 

min. 


mental effect on the maintenance of spermatozoan motility in stored samples. 
Prom these observations it has been suggested that this dye could be used 
to identify the semen of one breed of bulls from that of another and thus 
avoid field errors which sometimes arise in artificial insemination. 

The effect of specific types of iacteria on methylene blue reduction 
in yolk-citrate diluent 

To test directly the effect of bacteria, yolk-citrate diluent and yolk-citrate 
diluent plus seminal plasma were inoculated with pure cultures in numbers 
higher than those usually found in semen and the methylene blue reduction 
test performed at 45° C. These tests were, as previously mentioned, per- 
formed within 30 minutes of inoculation. Other inoculated samples were 
stored for 5 and 10 days before reduction tests were performed. Twenty- 
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lioiir cultures of organisms isolated from semen samples were used as in- 
<3011 him. These organisms were encountered in large numbers in various 
samples of semen during the course of the study. The data in tables 3 and 4 
indicate that in fresh samples, none of the organisms would interfere with 
the test even wdien present in numbers as high as 1 billion per ml. The 
shortest reduetion time (30 minutes) which was obtained with 1.5 billion 
U. coll was still bej^ond the reduction time for all but the poorest semen 
samples. 

The results with samples stored for several da^-s were not as satisfactory. 
If bacteria, which grow at the storage temperature, are present the reduction 

TABLE 4 


Methylene tine reduction test on pure cultures of hacteria in yollc-citraic 
plus seminal plasma 


Organism added 

Days stored at 5° G. 

0 

5 

10 

Bacterial 

count 

Keduc- 
tion 1 
time 

Bacterial 

count 

i Reduc- 
tion 
time 

Bacterial 

count 

Reduc- 

tion 

time 


millions 


millions 


‘millions 



per ml. 

min. 

per ml. 

min. 

per ml. 

min. 

JSsehericliia coU 

48.0 

CO 

54.0 

48 

75.0 

9.0 


G.O 


7.0 




Aerobacte^' aerogenes 

17.0 

120 

900.0 

12 

2,000.0 

6.0 

Pseudomonas aeruginosa ... 

60.0 

120 

66.0 

120 

60.0 

6.5 

Staphylococcus aureus 

8.0 

121) 

30.0 

120 

20.0 

16.0 

Diphtheroid strain 1 

3.0 


6.0 ; 


4.0 

15.0 

o 

ilU 

0.02 


0.03 


0.05 

40.0 


thousands 


thousands 


thousands 



per ml. 

min. 

per ml. 

min. 

per ml. 

min. 

N^oiic (control ) 

0.015 


0.009 








: 





time may be very short. Cultures of Aerobavler aerogenea and Pseado- 
monas aeruginosa not oidy grow at 5® C. but the citrate present in the 
diluent is an excellent sidistrate for these organisms. When 750 milHoii or 
more Aerohacter aerogenes organisms per ml. are present (tables 3 and 4), 
they would interfere markedly with the validity of the metliylene reduetion 
test after 5 days' storage at 5° C. After 10 days' storage counts of a liuii- 
dred million of either of these two species of bacteria reduced the methylene 
blue fast enough to interfere with the test. When the seminal plasma was 
added to the yolk-citrate short reduction times were observed with each 
organism after a storage period of 10 days. The effects of the bacterial 
types contributed by the seminal plasma were not determined. However, 
as one may observe from the tables the number of bacteria in the plasma 
ivas very low. The range of bacterial numbers, in fresh diluted semen, the 
mean of which is shown in table 1 , was from 97 thousand to 4.5 million. 
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After 10 days^ storage the average count had increased to about 3 million 
bacteria per ml. with one count as high as 60 million. In only three diluted 
semen samples were the numbers as high after 10 days’ storage as was found 
in the inoculated material. In three ejaculates the count increased as much 
as 20-fold, while in three others the total count decreased during storage. 
Greater increases in count were reported in a recent publication of the 
United States Department of Agriculture (5). With higher initial counts 
these workers report a lO-fold increase in bacterial count during 7 days and 
a 65-fold increase during 10 days’ storage at 4° C. 

A study of the data of this experiment reveals that only part of the short 
reduction times observed for stored yolk-citrate may be attributed to bac- 
terial numbers. For diluent, or diluent plus seminal plasma, stored 10 
days, short reduction times often were found where the numbers of bacteria 
present was no higher than those which in fresh yolk-citrate required more 
than 2 hours to reduce the dye. Apparently some factor other than numbers 
of bacteria present is partially responsible for the short reduction times 
observed for stored, inoculated material. 

In this connection it should be pointed out that the negative correlation 
between spermatozoa count and methylene blue reduction time continued at 
the high level previously reported (1) regardless of the length of storage 
interval. Such definite trends were not noted for the relation between 
motility of the spermatozoa and methylene blue reduction time as the storage 
interval advanced. For the present, the methylene blue test for quality of 
semen should be used only with fresh semen and fresh diluent for the most 
satisfactory results. 

DISCUSSION 

From the results of these investigations it is concluded that if bull semen 
is collected and handled with proper sanitary precautions, and if the diluent 
is prepared following a definite aseptic routine (4) the number of bacteria 
in fresh semen and diluent will not interfere with the estimates of semen 
quality obtained with the methylene blue reduction test. In addition, the 
temperature recommended for conducting the test, 46.5° C., is high enough 
that bacteria are unable to grow. In fact, such a temperature has a lethal 
eifect on the bacteria, especially in the presence of methylene blue. 

Of the bacteria most likely to interfere with the test, the coli-aerogenes 
organisms can be largely excluded by sanitary care in preparation of equip- 
ment and during collection and handling of samples. The exclusion or con- 
trol of the number of pseudomonas organisms is more difficult. These bac- 
teria are sometimes found in large numbers and as the predominating type 
in the semen of some bulls. Ordinary methods of control do not influence 
the numbers of these bacteria for their source appears to be deep in the 
reproductive tract. Bulls harboring Pseudomonas aeruginosa in their repro- 
ductive tracts are likely to have poor breeding records (2, 4) and are poor 
risks for artificial insemination. 
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For stored saiiipies of diluted semen the metljylene blue reduction test 
sboiild be used with caution. Certain unkno\^m factors, in addition to the 
apparently minor effects of the number and kinds of bacteria, influence the 
test with semen samples stored more than 2 days so that reliable conclusions 
not be drawn. For estimation of the cpiality of samples stored for 4 or 
more days observation of the duration of motility at 46.5° C. should give 
reliable estimates of potential livability of spermatozoa during coiitiirued 
storage at 5° C. Further work needs to be done before the factors in- 
fluencing the reduction test in samples of diluted semen stored more than 
2 to 4 days can be established. 

SUMMARY 

1. "When sanitary precautions are observed, the number of bacteria found 
in freshly drawn semen or freshly prepared yolk-citrate diluent is not suffi- 
cient to interfere with the methylene blue reduction test for semen quality. 

2. The short-tinie-liigh-temperature incuhation test for semen qucdity 
may kill up to 50 per cent of the bacteria present when the test is run at 
45° C. or above in the presence of methylene blue. A temperature of 46.5° C. 
is. recommended. 

3. The methylene blue reduction test is not recommended as a criterion 
of the quality of semen stored more than 2 days. 

4. The short-time-high-temi)erature incubation test is recommended as a 
criterion of continued livability of the spermatozoa in stored semen samples. 

5. Though the bacterial population of stored samples can be controlled 
by proper precautions, factors other than the number of bacteria, and the 
activity and concentration of the spermatozoa are involved in tlie methylene 
blue reduction rate of stored samples. 
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PEPPERGRASS SILAGE 


AVEEY D. PRATT 

Virginia Agricultural Experiment Station, Blachshurg, Virginia 

Recently attention has been directed toward the use of weed crops for 
forage purposes. At the Virginia Station alfalfa and brome grass were 
established to serve as supplementary pasture crops to be available in July 
and August when bluegrass is in low pi’oduetion. The alfalfa had been 
pastured off by May 20th and there was a heavy stand of peppergrass 
(Lepidium virginicmn) remaining unpastured. There was entirely too 
much of this weed to permit it to go to seed. If clipped and allowed to 
remain on the ground the peppergrass would smother out the alfalfa. Mow- 
ing, raking and hauling away the peppergrass would be costly if no use were 
made of it. 

Ten acres of peppergrass, yielding about 28 tons, were cut and ensiled 
with 50 pounds of molasses per ton as a preservative after due consideration 
of the possibility that the silage might be strong with peppergrass flavor.^ 
Five acres were cut from the alfalfa field and some alfalfa was picked up by 
the mowing machine. The other five acres were cut from the brome grass 
field and some brome grass was clipped. It was estimated that the ensiled 
material was 80 per cent peppergrass. The seeds were immature but had the 
field been mowed and the peppergrass left on the ground the seeds would 
probably have matured sufficiently to germinate. When the material was 
cut into the silo there was sufficient volatile material in the air to irritate the 
e^'es.' The ensiled material kept well. After the silage had undergone fer- 
mentation there was no trace of the peppergrass flavor or odor remaining. 
Cows ate up to 50 pounds per day of the silage and appeared to relish it 
better than silage made from bluegrass with corn meal as a preservative. 
Samples of peppergrass in as nearly as possible the same stage of maturity 
as that which was ensiled were submitted to the Agricultural Chemistry De- 
partment for analysis. A sample of peppergrass silage containing about 20 
per cent alfalfa was taken from the silo and submitted also. The analyses of 
these materials are shown in table 1 with the analysis of corn silage for com- 
parison. Table 2 shows that the quality of peppergrass silage was satisfac- 
tory as there was no decline in production due to peppergrass silage. Cow 
number 6 was nearly dry and therefore any change in the feed would not 
have prevented a decline in the milk production of the cow. 

The milk had no taste of peppergrass or indole. When the milk was 

Received for publication October 11, 1943, 

1 Hnssong, B. Y., and Quam, Sidney. Relationship of Consumption of Peppergrass 
by Cows to the Plavor and Indol Content of Butter. Jour. Dairy Sci., 26, Ko. 6: 505- 
513. 1943. 
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TABLE 1 


Analyses of yeppergrass and peppergrass silage compared with corn silage 



Corn silage* 
(dent, well 
matured, 
well eared) 

Peppergrass 

Peppergrass 

silage 

Dry basis 

% 

% 

% 

Protein 

8.56 

12.86 

16.19 

Pat 

3.08 

5.54 

4.40 

Crude fiber 

21.92 

34.17 

23.63 

Ash 

5.48 

9.32 


Nitrogen-free extract 

60.95 

38.11 

40.62 

Total dry matter 

29.20 

36.47 

28.75 

Phosphorus 

0.21 

0.23 

0.42 

Calcium 

2.74 

1.34 

1.21 

Potassium 

0.96 

3.00 

2.41 

Magnesium 


0.40 


Silica 



1.28 



Tlie peppergrass was analyzed by Mr. H. H. Hill and the peppergrass silage by James 
P. Eheart, both of the Agricultural Chemistry Dei)artment. The peppergrass contained 
approximately 20 per cent alfalfa. 

* The values on flie dry basis are computed from data of Morrison’s Feeds and Feed- 
ing, 20th Edition. 


TABLE 2 


The niilh production of cows fed hhiegrass silage and peppergrass silage 



Bluegrass silage 

Peppergrass silage 

Cow No. 


Amounts of milk p>rodueed 



May 2-16 

May 17-31 

June 1-15 

June 16-30 


pounds 

pou7ids 

pounds 

pounds 

1 

393.0 

350.0 

313.5 

332.5 

S 

476.5 

429.0 

431.5 

455.0 

6 

274.0 

183.0 

145.5 

108.0 

7 

Average daily 
milk How for 

400.0 

1 

346.5 

321.0 

330.5 

4 cows 

27.6 

23.4 

21.6 

22.0 


The rate of decline of milk tlow was reduced wlien bluegrass silage was replaced with 
peppergrass silage. 


TABLE a 

The quality of huiter made from milk produced hy cows fed peppergrass silage 


Lot No. 

Age of cream 
in days 

Condition of cream 
at churning 

Butter 

1 

7 

High acidity 

Salted, old cream flavor, no 
peppergrass flavor 

2 

7 

Low acidity 

XJnsalted, superior flavor, 
no pepj)ergrass flavor 

3 

1 

Sweet 

tlnsalted, excellent flavor, 

92 score 
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separated the cream iiad a normal flavor. Butter -vvas made from the cream 
without using a starter with the results shown in table 3. 

Three judges scored the butter samples and no off-flavors attributable to 
the peppergrass were detected. 

Evidently the substances producing the peppery flavor of the green mate- 
rial were oxidized in the fermentation process. The growing of pepper- 
grass for silage is not advocated ; how’ever, crops that contain peppergrass 
may be ensiled Avitliout fear that dairy products will have an off-flavor as a 
result of their use. 

One hundred peppergrass seeds were taken from the silage two weeks 
after ensiling for a germination test. There w^as no germination. Further- 
more there was no germination of seed taken from the silo in early Septem- 
ber, after the elapse of a normal rest period for these seeds. 

SUMMARY 

Ensiling peppergrass {Leindhim virginiciim) wdth molasses as a preserva- 
tive produced a palatable silage which after fermentation had no pepper- 
grass flavor. Neither cream nor butter produced from the milk of cows fed 
this silage showed aii}’- off-flavor. Peppergrass seeds did not germinate two 
wrecks after ensiling. Crops containing joeppergrass may be ensiled without 
fear that off-flavor will result in the milk or milk products. 

ACKNOWLEDGMENT 

The assistance of Dr. C. C. Flora in producing the butter and judging the 
butter samples is gratefully acknoAvledged. 




A NEW QUANTITATIVE METHOD FOR ESTIMATION OF TOTAL 
COMBINED LENGTH OF MOLD FRAGMENTS 
IN BUTTERS 

P. R. ELLIKER 

jPurdue Agricultural Experiment station, W, Lafayette, Indiana 


Tlie method described in this report resulted from studies on retention 
of mold fragments (myeelia)- by butter, buttermilk and wash water during 
manufacture of butter. 

During these and previous studies (3) it became apparent that a more 
quantitative method for estimating content of mold hyphae or filaments in 
butter and other products would have to be developed before information 
could be obtained on mold retention by the various materials studied. Since 
the “mold mycelia value’' of butter by the official method now in use is influ- 
enced primarily by the total mass of mold growth present, the logical quanti- 
tative method would be one that would measure the total length of all 
combined mold fragments in a measured sample. The difficulty of extract- 
ing the mold fragments renders a macroscopic approach impossible. The 
possibility of analyzing for some chemical constituent contained by the mold 
hyphae and foreign to butter appears remote at the present time. About the 
only possibility remaining is a microscopic method. The Wildman method 
(4) in use at present provides a comparative rather than quantitative value 
because it does not measure the total length of the combined filaments in a 
sample. A method was therefore developed in which the total combined 
length of the mold hyphae visible with low power (100 x) magnification of 
the microscope was determined and expressed in millimeters per gram or 
ingm. Because the method has proven so convenient for certain studies on 
mold content of butter and other materials, it is being published with the 
hope that it may prove useful to other investigators in this field, 

DESCRIPTION OF METHOD 

1. Thoroughly mix 1 g. butter with 9 ml. hot (70-75'^ 0.) gum solution. 
(It is desirable to scrape off about one-eighth inch of the surface butter and 

Received for ptiblicatioii October 23, 1943. 

1 Published with the approval of the Director of the Experiment Station as Journal 
Series Paper No. 123. 

2 The term ‘ ‘ mold mycelia ^ ^ now commonly used in ref erring to the amount of dead 
mold filament in butter should perhaps, technically speaking, be changed to ^^mold 
hyphae ^ ^ or ^ ^ fragments of mold hyphae. ’ ' A mold hy^pha (plural — ^hyphae) is a single 
thread or filament of mold. A mold mycelium (plural — mycelia) consists of a maiss or 
network of interlacing filaments or hyphae. Therefore it is the filaments or hyphae or 
hyphae fragments that are counted in the Wildman method. Filaments, hyphae and mold 
fragments are used synonymously in this paper. 
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then obtain tlie one gram sample by scraping it from an area of a few square 
inches.) 

2. Transfer 0.1 ml. to one side of a 1 x 3 inch (26 x 77 min.) slide. 

3. Spread over exactly one-lialf of the slide. (One means of evenly 
distributing the preparation is to spread the material with a sinail, solid 
glass rod, first lengthwise and then crosswise. The preparation seems to 
distribute itself more evenly if, after spreading on the slide, it is placed for 
a few minutes on a level surface at room temperature before setting on a 
warm surface to dry.) 

4. Dry on a warm surface. 

5. Stain with Newman’s (1) or a Modified Newman’s stain. (The same 
precautions regarding drying of stains before %vashing to remove excess dye, 
should he observed as in the staining of milk films with Newman’s stain. 
It is possible to wash the slides too long in removing the stain. A few trials 
will indicate the amount required. Nevertheless some mold hyphae frag- 
ments will not stain intensely and a knowledge of the microscopic appear- 
ance of mold hyphae is helpful in identifying them.) 

6. Calibrate factor for low power objective of microscope. Include dilu- 
tion of sample and area of slide. 

7. Examine 25 or preferably 50 fields on each slide. If the sample con- 
tains much mold, 25 fields may be sufficient. Estimate, by means of a ruled 
ocular micrometer disc, the total length of mold filament for each field. 
(Appearance of the preparation under the microscope is often improved by 
covering it with a thin film of immersion oil. This is particularly true where 
the method has been applied to substances containing considerable protein, 
such as cream or buttermilk. ) 

8. Calculate average length of filament per field. 

9. Multiply average length of filament per field by the factor. 

10. Express results as millimeters per grain or preferably millimeters 
per mgm. 

SAMPLE CALCULATION 

A. Diameter of field = 1.66 mm. 

B. Area of field = ur- ~ 2.164 sq. mm. 

C. Area of one-half slide = 1001 sq. mm. 

Number of fields in one-half slide = 463. 

D. Butter diluted 1:10; 0.1 ml. placed on slide. 

Total dilution = 100 times. 

E. Factor = C x D = 46,300. 

P. Average total mm. mold filament per field of sample preparation 
- 0.346. 

G. Mm. mold per gm, = E x F = 16,020. 

H. Mm. mold per mgm. " 16.02. 
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Some comments iiiiglit be made on certain steps in the procedure. The 
diluting medium was a 0.75 per cent carob bean gum solution similar to that 
used in the Wildman method (4) . Other gum solutions that provide suffi- 
cient viscosity and a reasonably clear solution should be satisfactory. Among 
the preparations also used in these studies were the common adhesives or 
fixatives used to fix tissue sections to slides. No difficulty was experienced 
with cracking, peeling or slipping-off of films when carob bean gum solution 
was used and the above staining procedure followed and slides rinsed gently 
in a container of water. 

Numerous trials indicated that 1 g. of butter in 9 ml. gum solution and 
0.1 ml. of this on a slide provided about the optimum dilution. A greater 
amount of butter increased the difficulty of fat removal and too small a 
sample provided too little mold for counting. 

A number of common staining techniques were tried, including the Gram 
stain, negative staining, and staining with methylene blue after defatting 
in xylol. None of these showed any advantage over the simple Newman 
method used for milk smears. Substitution of half of the methylene blue 
in the Newman stain with basic fuchsin resulted in a preparation that 
stained the mold more intensely on some of the slides. A better staining 
technique for this purpose can possibly be developed. 

For a sample of high mold content 25 fields per slide should be sufficient 
to count ; however, 50 fields is preferable for a sample with moderate or low 
mold content. On the basis of present official standards for butter, 20 mm. 
per mgm. would be considered a high count. Duplicate slides should be 
prepared and results averaged. 

RESULTS 

A number of trials were carried out to determine the reliability of the 
new method. These included checks between various slides from the same 
sample, different samples from the same print of butter and counts on the 
same prints by two technicians using different microscopes with separate 
preparation of samples and slides. 

TABLE 1 

JResuIts on different samples from the same prints of butter 


Mm. mold per mgm. butter 


Sample A 

Sample B 

Slide 1 

Slide 2 

Ave. 

Slide 1 

Slide 2 

Ave. 

12.87 

11.20 

12.04 

10.19 

11.85 

11.02 

3.80 

3.43 

3.62 

3.80 

3.52 

3.66 

8.15 

9.72 

8.94 

12.13 

8.89 

10.51 

2.87 

3.89 

3.38 

3.33 

2.96 

3.15 

20.46 

19.54 

20.00 

19.08 

18.06 

18.57 

25.74 ' 

23.15 

24.45 

25.56 

25.09 

25.33 
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TABLE 2 


Counts iviih new method hy two operators Rising different microscopes 


Sample No. 

Total combined length of mold fragments 

i A 

B 


wm. per 7ngm. 

mm. per mgm. 

320 

16.56 

16.56 

321 

48.85 

48.76 

822 

21.25 

25.76 

323 

7.82 

8.10 

324- 

16.74 

20.24 

325 

14.17 

12.70 

326 

21.16 

22.45 

327 

11.87 

10.76 


The values shown in table 1 are from a trial to determine the consistency 
of results between duplicate sami^les. As the results indicate, with one 
exception, the variation between the four slides on the two samples is rela- 
tively small for a microbiological analysis. The mold content of different 
portions of a print of butter appeared fairly constant. Whether different 
portions of a commercial churning would check as well with this method has 
not been determined. The results of Claydon (2) indicate that some signifi- 
cant variations may occur due to chance variation of mold filaments in 
different portions of a ehurning. 

Two different operatox's employing diffex^ent microscopes and separate 
preparation of samples can obtain comparable results with the new method 
(table 2). The two technicians making these counts had received only a 
few houi's training in appearance and detection of mold hyphae in butter. 
Again the variations occurring are no greater than would be expected in a 
microbiological analysis. 

Comparisons between values with the Wildmaii and new methods are too 
few to enable definite conclusions, but those presented in tables 3 and 4 at 
least indicate in a genei’al way what might be expected. There appears to 
be a rough correlation between the results until the mm. per ixigni. reach 

TABLE 3 


Comparative values with 7i€W method and Wildman method on one series 
of eommercial butter samples 


Sample No. 

New method 

Wildman method 

66 i 

mm. per mgm. 

0.88 1 

per cent positive fields 

2 

296 

3.26 

12 

294 

3.64 

16 

295 

9.72 

46 

293 

11.53 

44 

297 

19.29 

80 

298 

24.89 

96 

299 

49.54 

92 

300 • 

75.01 

96 
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about 25, after wliicli tiie Wildnian metliod shows little increase. It should 
be emphasized that further comparisons in large number must be made 
before any definite correlation between the two methods can be worked out. 
However, it appears from these preliminary results that when the mold con- 
tent reaches about 15 imn. per mgm., a sample runs a good chance of having 
a Wildnian count of 60, and when the mold content reaches 20 mm. per mgm., 
a sample will usually be definitely illegal. At about 25 mm. per mgm. tlie 
Wildnian count will vary from 75-100 per cent positive fields and remain at 
about this figure as the mm. per mgm. increase. Coinniercial butters with 
more than 40 mm. per mgm. are not uncommon. 

Two samples with the same total length of mold filament per mgm. .may 
exhibit considerably different Wildnian values. This is demonstrated best 
by two samples one of which contained 12.84 mni. per mgm. total mold 


TABLE 4 

Comparative values obtained on commercial butter samples with new 
method and Wildman method 


Number of 
samples 
in group 

New method 

Average count by 
Wildman metliod 

Eange of Wildman 
counts 


mm. per mgm. 

per cent positive fields 

per cent positive fields 

9 

1- 5 

10 

0-16 

5 

5-10 

33 

12-46 

12 1 

10-15 

49 

32-68 

9 

15-20 

69 

49-80 

8 

20-25 

80 

64-96 

3 

25-35 

87 

76-96 

5 

35-50 

93 

88-96 

1 

75.01 

96 



and a Wildman count of 32 and the second 12.21 mm. per mgm. and 68 per 
cent Wildman count. Similarly two samples with about 16 mm. per mgm. 
total mold, gave Wildman counts of 49 and 80 respectively. 

DISCUSSION 

The success in duplicating results from one sample or operator to the 
next emphasizes the quantitative nature of the new method. In order for 
the method to be actually quantitative and consistent, however, it is neces- 
sary that the operator be thoroughly familiar with microscopic appearance 
of mold fragments and also make absolutely certain that he is accurately 
estimating lengths of mold fragments in terms of mm. The ruled ocular 
disc employed for the Howard or Wildman counts provides sufficient rulings 
to enable a reasonably accurate estimation of total combined length of mold 
fragments in every field. Once the operator has become accustomed to esti- 
mating length of filaments, the method becomes almost as rapid as that of 
Wildman. 
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Tke metliod as it exists lias some adyaiitages and disadvantages. It does 
provide a truer picture of the actual mold hypliae content than any other 
method. The results of Claydon indicate that the degree of working in the 
churn affects the number and length of mold dlameiits in tlie final butter anil 
consequently the Wildmaii mold mycelia value. By the new method all 
filaments are included whether long or short. Neither the Wildman nor the 
new method includes the tiniest fragments of Oospora lactis hyphae some- 
times referred to as spores. However, examination indicated that only a 
comparatively small number of the tiny fragments remain in the butter. 
Most of them pass out into buttermilk and wash water. 

There is a definite advantage to knowing the actual total mold content 
of a sample. The commercial samples in these studies running as high as 
49 and 75 mm. per mgin. total mold filament |)rovide an example of a prob- 
lem confronting maiij^ creameries. The high temperatures and relative 
humidities in this part of the country are quite conducive to mold growth 
in cream on the farm. Creameries in this area are therefore blessed with 
an abundance of mold growth in the cream during the warm season. The 
result is that much butter runs over 60 per cent by the Wildman 

test. The 89 score l)utter is often correspondingly higher in mold content. 
Much of it runs as high as 90 to 100 by the AVildman test. Such butter may 
contain as much as 75 mm. per mgm. of mold by the new method. If tlie 
ereameryman in a quality improvement program eliminates half the moldy 
cream, he may bring the mold content of his butter down to about 40-50 mm. 
Yet it still will run 90 or over by the Wildman test. If he then again elimi- 
nates 50 per cent of this mold}- cream, he reduces the mold content of his 
butter to perhaps 25 mm. per mgm. Again instead of reducing the Wild- 
man count 50 per cent he may end up with a 90 to 100 per cent mold mycelia 
count. It is not until the mold content is redxtced belo’w 20-25 mm. per rngin. 
that a distinct lowering in mold content of butter can be detected by the 
Wildman mold mycelia count. This condition lias been .responsible for con- 
siderable misunderstanding in cream quality improvement work. 

The variation in AVildman mold mycelia count values for butters of 
equivalent total mold content indicates that more study should be given to 
factors possibly responsible for such variations. A variation of 20 or 25 
per cent due possibly to mamifaeturing conditions may easily throw a butter 
from a definitely legal into an illegal class. 

Another advantage of the new method is that any microscope of any field 
diameter can be employed as long as it pi'ovides about 100 x magnification 
and a stage micrometer is available to determine the field diameter. Also, 
a permanent preparation of the sample is obtained which can he examined 
weeks later if more convenient. Materials other than butter can be diluted 
in hot gum solution and their total content of mold filament determined. 
Because of the interfering effect of the protein, samples of cream and butter- 
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milk must be diluted out further than butter. Because of its low mold con- 
tent, butter wash water must be diluted less than butter. Covering the 
preparation with immersion oil is especially helpful in examining cream and 
buttermilk preparations. In cream examination, special methods are neces- 
sary to thoroughly agitate the samples in order to break up masses of mold 
filaments. 

This method was not developed nor is it presented for the purpose of 
replacing the Wildmaii count. It may appear too technical for the average 
control laboratory. However, it has been about as easy to teach to a careful 
operator as the Wildman method. The new method, because it is quanti- 
tative, has proven a valuable research tool. Investigations on mold content 
of butter and other materials have been carried out that would not have been 
possible by any other method. 


SUMMARY 

A method for determination of total combined length of dead mold frag- 
ments per gram or milligram of butter has been developed. 

The procedure consists of dilution of one gram of butter in hot gum solu- 
tion, spreading a small quantity of this on a glass slide, staiping with New- 
man’s stain and examining with low power magnification. The average 
length of mold filament per field is multiplied by the microscope factor 
divided by 1000 and results reported in mm. per mgm. of butter. 

This quantitative method has been of value in studies to determine the 
total mold fragment content of butter, buttermilk, wash water and cream. 
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THE DETERMINATION OF CITRIC ACID IN MILK PRODUCTS 
BY CERATE OXIDIMETRY 


BUEDET HEINEMANX 
Producers Creamery Company y Springfield, Missouri 

Of tlie various metliods -wiiicli have been proposed for the detenaination 
of citric acid in milk, those based on Stahre’s (12) reaction have come into 
wide use. In this method, the citric acid is oxidized by dilute potassium 
permanganate in the presence of bromine resulting* in the formation of 
insoluble pentabromaeetone, which is determined gravimetrieally. 

Allen (1) points out three objections to this method: ^'1), the formation 
of pentabromaeetone as an oil instead of a crystalline precipitate; 2), the 
relatively high solubility of the precipitate ; 3), the loss due to volatility when 
moist.’’ 

By determining the solubility of the precipitate (and using a factor to 
include this loss in the final calculations) and by drying the precipitate in 
a vacuum at less than 20® C. for sixteen hours, Deysher and Holm (2) 
largely eliminated the second and third errors pointed out by Allen. But 
in so doing, the length of time of performing the test was extended another 
twenty-four hours, making a total length of time of three days. 

If the determination of citric acid is to be used as a control test in the 
manufacture of dairy products, particularly evaporated milk, a much shorter 
method is . necessary, 

A search of literature, therefore, was made to ascertain if other methods 
would be applicable. The conduetimetric method of Kolthoff (6) was tried 
but found to be unsuitable for milk owing to the high concentration of other 
ions, particularly chloride. Potentiometric titrations using silver nitrate, 
barium acetate, and lead acetate resulted in failures because of interfering 
phosphate and chloride ions. Rundell (9) states that attempts to determine 
citric acid potentiometrically with calcium chloride were unsuccessful. 

The iodimetric method of Kometianni (7) involves precipitation of the 
citric acid as pentabromaeetone under conditions which are not in accord- 
ance with those found necessary by Deysher and Holm for quantitative re- 
coveiy. This is in agreement with Templeton’s (13) statement that the 
iodimetric method is not quantitative. Hartman (3) also states that 
Kometianni ’s procedure is not entirely satisfactory when applied to mixed 
fruit acids. If the method were modified to insure accuracy, it would offer 
no advantage over the Deysher and Holm procedure. 

Colorimetric methods in which acetic anhydride and pyridine are used 
to develop color directly from the citrate ion were found to be unsatis- 
factory, probably due to the presence of the chloride ion. Methods using 
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acetone dicarboxylie acid or pentabromaeetone for a basis for color develop- 
ment were not tried since no great saving in time ^vonld have resulted, 

Willard and Young (14) showed that eerie sulphate in sulphuric acid 
solutions oxidized citric acid at the rate of 1.211 nig. anhydrous citric acid 
per 1 ml. of 0.1 N siilphato-cerate. Siuitli and Duke (10) found that the 
perchlorato-cerate ion in the presence of pereldoric acid oxidized citric 
acid stoiehiometrically at the rate of 1.372 mg. per 1 ml. of 0.1 N perchlorato- 
cerate. When these two methods were applied to milk, it was found that 
the former method was not stoibhiometric. The following method is based 
on Hartman and Hillig's procedure (4, 5) for isolating the citric acid 
(omitting tartaric and phosphotungstic acids which interfere) and Smith and 
Duke's procedure for oxidizing it. In preliminary work, to determine the 
adaptability of their indicator to the method as applied to milk, a Beckman 
pH set was employed using a glass electrode as reference electrode and 
polished platinum wire as indicating electrode following the suggestion 
of Lykken (8). 

PREPARATION OP REAGENTS 

1. Ammonium perchlo*rato-cerate. Smith (11). Dissolve 55 to 56 
gleams of (NH4)2Ce(N03)6 by adding the salt to a liter beaker containing 
340 to 345 ml. of 72 per cent perchloric acid. Stir well during a half '■minute 
interval and add 100 ml. of w^ater. Again stir well for a half -minute interval 
and add an adb.donal 100 ml. of water. Continue this procedure until the 
volume attains 1 liter. Transfer to a suitable glass-stoppered reagent bottle 
and store in the dark. It is preferable to store the perchlorato-cerate solution 
in a black bottle, conveniently made by completely covering a reagent bottle 
with black electrical insulating tape. Such a solution requires standardiza- 
tion about every fifteen days. Carbon or dust if allowed to come in contact 
with perchlorato-cerate solutions catah'ze their slight deterioration rate. 
The perchlorato-cerate solution is standardized by measuring 20.00 ml, into 
a 150 ml. beaker and adding 15 ml. of 70 per cent j)erehloric acid, 35 ml. of 
water, and 1 drop of nitro-ferroin. Titrate with 0.1 N sodium oxa,lat(^ to the 
fii*st formation of a j)ink color. 

2. Sodium oxalate in 0.1 N percMorie add. Smitli (11). Dissolve 6.706 
grams of Bureau of Standards, standard of reference sodium oxalate, per 
liter of 0.1 N perchloric acid. This solution is stable upon storage. It is 
used to standardize the ammonium perchlorato-cerate solution and to titrate 
the excess perchlorato-cerate left after oxidation of the citric acid. 

3. Nitro-ferroin (nitro-o-phenanthroline ferrous complex) used as inter- 
nal indicator is commercially available. 

4. Lead acetate. Dissolve 75 gins, of normal lead acetate in water, add 
1 ml. of glacial acetic acid and dilute to 250 ml. 

5. Blank solution. Dissolve 0.5 gm. lactose, 0.2 gm. CaCh, and 0.2 gm. 
IVH2PO4 in 100 ml. H.O. 
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6. Sahiratecl lead citrate. Add a slight excess of the lead acetate solution 
to a 10 per cent solution of A.C.S. grade citric acid in distilled water. 
Wash several times with distilled water and allow to stand at least twenty- 
four hours. Filter through No. 42 Whatman or similar grade filter paper 
before using. (At 25° C., lead citrate is soluble to the extent of 6 mg. per 
100 ml. of water.) 

PROCEDURE 

Weigh 50 grams of whole milk, 25 grams of evaporated milk, or 5 grams 
of milk powder in a 150-ml. beaker. Add 25 ml. of w^ater to the evaporated 
milk and 45 ml. to the dried milk. Add 6 ml. of 1 N sulphuric acid and 
heat for fifteen minutes on a steam bath. Cool. Add 95 per cent ethyl 
alcohol and transfer to a 250-mL volumetric flask. Make to 250 ml. with 
alcohol. Mix and filter through a good grade of filter paper (such as What- 
man No. 1). If filtrate is not clear, repeat the filtration. Place 100,0 ml. 
of the filtrate in a 100-ml. centrifuge tube and add 4 ml, of lead acetate solu- 
tion. Allow to stand 3-5 minutes with occasional shaking. Centrifuge 5 
minutes. Decant, testing the alcoholic solution with a few drops of lead 
acetate to insure complete recovery of lead citrate. Drain for 5 minutes. 
Add 30 ml. of w^ater saturated with lead citrate. Shake until precipitate 
is dislodged, centrifuge 5 minutes, decant, and drain for 5 minutes. Wash 

2 more times with 20-nil. portions of water saturated with lead citrate, cen- 
trifuging and draining 5 minutes each time. Add 10 ml. water and shake to 
dislodge the precipitate. Transfer to a 250-ml. beaker using a total of 55 
ml. of 70 per cent perchloric acid to wash the centrifuge tube, pouring the 
washings into the beaker. Place beaker in ice and salt mixture until tem- 
perature reaches - 3° to 0° C. Add 40.0 ml. 0.1 N perchlorato-cerate slowly 
with stirring, not allowing the tempei^ature in the beaker to rise above 10° 
C. Hold for 30 minutes at 10° C. Add 95 ml. water, 2 drops of nitro- 
ferroin and titrate with 0.1 N sodium oxalate. 

A blank determination must be run with each group as follows : 

Place 25 ml. of the prepared blank solution in a 150 ml. beaker. Add 

3 ml. H2SO4. Heat in steam bath with other samples. Cool. Add 95 per 
cent alcohol and make to 125 ml. Mix and filter. Continue exactly as 
described for milk, except that at the conclusion of the final draining period, 
30 ml. of w-ater are added and the contents of the centrifuge tube transferred 
to a 250-ml. beaker with 55 ml. 70 per cent perchloric acid. When the tempera- 
ture has reached - 3° to 0° C., 10.00 ml. of 0.1 N perchlorato-cerate are added 
and the solution held for 30 minutes at 10° C. Add 95 ml. water, 2 drops of 
iiitro-ferroin and titrate with 0.1 N oxalate. The ml. of 0.1 N cerate used 
constitute the blank. 

Per cent citric acid (anhydrous) 

^ mi. 0. IN perchlorato-cerate used - blank x 0.343 
, ” wt. sample 
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TABLE 1 

Bccoveri/ of citric acid from piore aoliillons"^' 


Citrie acid taken 

Becoverod 

Rccovci’(‘d 

mg. 

m,g. 

% 

33.51 

33.68 

100.52 

33,51 

33.23 

9!).17 

33.51 

33.71 

100.59 

33.57 

33.57 

100.00 

33.57 

33.63 

100.18 

33.57 

33.42 

99.55 


* 1 ml. 0.1 N perehlorato -cerate is equivalent to 1.372 mg. anhydrous citric acid. 


Tile potentiometrie method for the detection of the endpoint is equally as 
satisfactory as the use of nitro-ferroin as an internal indicator. The results 
included in this paper Avere secured with the nitro-ferroin indicator. 

EXPERIMENTAL 

Various quantities of anhydrous citric acid (prepared by grinding to 
a powder and di'ying leaker ^s analyzed and Merckxs A.O.S. grade over 
calcium chloride) were dissolved in distilled water. Sufficient 70 per cent 
perchloric acid was added to make the solution 4 M with respect to the per- 
chloric acid. After cooling the mixture to 0° C., a slight excess of 0.1 N 
perchlorato-cerate was added and the solution held at 10^ C. for 30 minutes. 
It was then diluted to 2 N and titrated with 0.1 N sodium oxalate using nitro- 
ferroin as the indicator. The results given in table 1 show an average recov- 
ery of 100.00 per cent. It was found that if the temperature rose above 12^^' 
C., the results were high owing to side reactions as pointed out b,y Smith 
( 11 ). 

Four cultures of citric acid fermejiting bacteria were secured from Iowa 
State College. These were fS. diaoeiilaotis strain N 4, and S. cUravorom 
strains S 9, S 14, and Mu. 29. These were inociulated int-o axadifical sterile 
skim milk and incubated until citric acid was absent as sliown by the pciuta,- 
bromacetone determination. Volumetric (dtrate dettvrminations were .nia,de 


TABL'IC 2 

liccovcry of cUric acid from dccitrah'd milk 


Citric acid taken 

Boeovered 

ISecovercid 

mg. 

mg. 

% 

15.1 

15.1 

100.0 

22.2 

22.8 

102.7 

42.4 

43.3 

102.1 

45.4 

46.0 

101.3 

69.3 

70.0 

101.0 

90.0 

90.1 ! 

100.1 

98.9 

99.0 

100.1 

98.9 

98.8 

99.9 
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on these cultures with known quantities of anhydrous citric acid added. 
These results are given in table 2. The average percentage recovery is 100.9 
per cent. 

It was found that decitrated milk gave a larger blank value than when the 
procedure was followed using only distilled -water. It was thought that this 
might be due to some interfering substance in milk or to the formation of 
some interfering substance during the growth of the citric-aeid-fermenting 
bacteria. Various natural components of milk were tested, including lactose, 
riboflavin, niacin, ascorbic acid, calcium and magnesium salts, phosphates, 
chlorides, nicotinic acid, pantothenic acid, lactic acid, propionic acid, butyric 
acid, acetylmethylcarbinol, and ether extract from milk but none of these was 
found to interfere. It was found that when the volume of the precipitate 


TABLE 3 


. Method of preparation of blank 

ml. of 0.1 JSr perehlorato-eerate required 
per 100 ml. filtrate 

Fermentation of citric acid 

2.35 


2,45 


3.11 


2.38 


3.27 


2.88 

Precipitation of proteins and citrate 

• 2.60 

with silver acetate and acetic acid 

2.94 


2.68 


1.57 

Prepared blank (containing lactose, 

2.10 

Ca, 01, POd 

2.24 

3.35 


2.87 


3.35 


£ was the same as that obtained from milk the blank was about the same. Since 
repeated washings of the precipitate did not appreciably reduce the value of 
the blank it was thought that possibly a small amount of the lactose was 
occluded in the precipitation of lead citrate. However, when the thrice 
.washed precipitate was tested for lactose using copper sulphate and alkaline 
tartrate solutions, no observable precipitate of copper oxide was formed. 
Furthermore, when perchloric acid is added to the washed precipitate of lead 
salts, both in the ease of the decitrated milk and in the case of the various 
milk products examined, a yellow color is formed which does not form with 
any of the substances added to the blank. It is apparent, therefore, that 
some substances not included in this study is present in the lead salt precip- 
itate which may interfere. 

Another method for the preparation of the blank was tried, using 0.5 gm. 
silver acetate and 5 ml. of 10 per cent acetic acid per 50 ml. of milk in place 
of 6 'ml NH 2 SO 4 . By this procedure the citrate is precipitated as silver 
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citrate and filtered off. To 100 nd. of the filtrate, 4 ml. of lead acetate 
were added and the precipitate washed as previously described. This pre- 
cipitate did not give the color reaction with perchloric acid and the blanks 
were slightly lower than those from the decitrated milk. However, the 
volimie of the precipitated lead salts is small. A resume of these results 
is given in table 3. 

Table 4 gives results of some analyses of powdered skim milk, whole 
milk, and evaporated milk. The volumetric citrate method gives results 
which are slightly higher due either to an interfering substance in milk 
or iiieomplete recovery by the pentabromaeetone method. 

TABLE 4 


Product 

Oxidation by 
perelilorato-eerate 

Pentabromaeetone 
( Modification of 

Dey slier and Holm) 

Powdered inilk: 

(1) 

1.57 

1.55 


1.57 

1.52 


( 2 ) 

1.82 

1.67 


1.87 

1.63 


( 3 ) 

1.82 

1.78 


1.80 

1.74 

Wliole milk: 

( 1 ) 

0.172 

0.161 


0.176 

0.168 


( 2 ) 

0.178 

0.159 


0.168 

0.167 


( 3 ) 

0.171 

0.165 


0.171 

0.160 

Evaporated milk: 

( 1 ) 

0.332 

0.323 


0.325 

0.327 


( 2 ) 

0.334 

0.330 


0.340 

0.333 


• (3) 

! 0.342 

0.329 


1 0.333 

0.338 


CONCLUSIONS 

A method for the determination of citric acid in milk products is pre- 
sented which is based on the oxidation of citric acid (isolated from inter- 
fering substances by precipitation as lead citrate) by an excess of 0.1 N 
perciilorato-eerate in 4 M perchloric acid solution. The excess perchlorato- 
cerate is titrated wutli 0.1 X sodium-oxalate in ' 2 M perchloric acid using 
iiitro-ferroiii as an internal indicator. 

Care must be used to free the citric acid from other organic substances 
which are also oxidized by the perchlorato-cerate. The results from the 
method are slightly higher than those from the pentabromaeetone method and 
can be secured in considerably less time. 
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THE EFFECT OP lODINATED CASEIN (PROTAMONE) ON MILK 
AND BUTTERFAT PRODUCTION AND ON THE ASCORBIC 
ACID CONTENT OP THE MILK'' 


A. H. YAN LANDINGHAM/ H. O. HENDEESON,^ anb 
CHAELES E. WEAKLEY, JE." 

West Virginia Agricultural Experiment Station, Morgantown, West Virginia 

In 1934, Graliam (3) reported the results of extensive studies with 
thyroidectomized dairy cattle and with the feeding of desiccated thyroid 
glands to lactating cows. In this experiment the diminution in milk secre- 
tion following the removal of the thyroid could not be distinguished readily 
from that accompanying a control operation without the removal of the 
thyroid gland; however, there was a distinct rise in milk secretion, when 
small amounts of dried thyroid glands were fed either to thyroidectomized 
cows or to iinoperated normal cows in the declining phases of lactation. The 
stimulating factor in the thyroid glands was shown to be thyroxine by an 
increase in milk secretion when synthetic thyroxine was injected (4),. These 
observations have since been confirmed and extended by Jack and Bechdel 
(7), Policy and White (2), and Herman, Graham and Turner (5). 

The practical value of feeding pure thyroxine or desiccated thyroid 
glands to increase milk production was largely nullified by the exorbitant 
cost of this material. In 1940, Turner (13) reported a possible cheap source 
of material with thyroxine activity in the form of iodinated casein. Reineke 
and Turner (10) have recently described a method for the preparation and 
the use of this synthetic thyroprotein. This material is prepared by the 
iodination of casein in solution to which sufficient sodium bicarbonate has 
been added to maintain the pH of the reaction mixture within the range 
of 6,8 to 8.0. 

The administration of this artificial thyroprotein to cows and goats, 
according to Reineke and Turner (11), stimulates increases in milk pro- 
duction and the percentage of fat in the milk similar in every respect to 
those produced by either desiccated thyroid glands or synthetic thyroxine. 

The purpose of this paper is to report the results obtained with lactating 
dairy cows in the declining part of the lactation period, when the iodinated 
casein was fed in smaller quantities but for longer periods of time than 
that reported previouslj^ by Reineke and Turner (11). 

EXPERIMENTAL 

Six pure-bred Holstein cows in the sixth to the eighth month of their first 
lactation were selected from the regular milking herd for this experiment. 

Received for publication October 28, 1943. 
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Tlie cows were producing from 30 to 40 pounds of milk per day at tlie begin- 
ning of tlie experiment. Tlie experiment was a double reversal feeding trial 
starred on tlie twenty-first day of February and continued for a period of 
13 Aveeks or until Llay 22. The first week was used as an adjustment period 
at Avliicli time tlie cows tvere divided into two equal groups of tliree cows 
each on tlie basis of milk prodiietion, fat productiom and body weight. 

Group 1, composed of coavs number 535, 536, and 544 was fed 15 grams 
of iodinated casein (Protainoiie) per cow daily as a supplement to tlie 
regular ration for the first 4-week period. The iodinated casein tvas dis- 
continued for the second 4-week period after which it was again fed during 
the third 4-week period. 

Group 2, consisting of cows iimnber 527, 529, and 541, served as a check 
for the first 4-week period and then was fed 15 grams of the iodinated casein 
per eoAY daily for the second 4-week period, after which it was discontinued 
for the last or the third 4-week period. 

During the first two 4-week periods, the cows were confined to the barn 
except when they were allowed to run outside in a clean lot for exercise. 
During the last 4-week period of the experiment the cows were on pasture. 
The ration fed the cows in each group was composed of a concentrate mix- 
ture, legume hay and beet pulp. The cows were fed daily 10 pounds of 
concentrates, 2 pounds beet pulp and all the hay they would clean up. They 
were fed a uniform amount of feed throughout the experiment regardless 
of the amount of milk produced and the gain or loss in body weight. 

The cows were milked twice daily. On Monday, Wednesday, and Friday 
of each week they were weighed and one-half pint samples of milk were 
collected night and morning for analysis. Each sample of milk was analysed 
for fat by the Babcock method and for total solids by the oven method. 
Ascorbic acid was titrated in the samples collected each morning with 2~6 
diehlorophenolindophenol as described by Sharp (12). 

Close observations were made each day for any unusual reaction which 
might become apparent. A maximum-minimum thermometer placed in the 
barn was read daily in order to note any unusual change in temperature. 
Respiration and pulse rates were obtained between 2 and 4 p.m. on Friday 
of each week during the first two 4-week periods when the cows were con- 
fined to the barn. The pulse was counted by feeling the posterior tibial 
artery on the medial surface of the tibia at a point eight to ten inches above 
the hock joint. 

RESULTS 

Data showing the effect of feeding iodinated casein on milk and butter- 
fat prodiietion ; the percentage fat and solids-not-f at ; the ascorbic acid in 
the milk and changes in body weight are presented in table 1 and in figures 
1 to 6. Data for individual days were averaged and presented as weekly 
averages for individual animals or as groups as the case might be. The 
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figures represent averages for the separate groups except in the case of 
figure 4j which shows the effect of ioclinated casein on solids-not-fat and 
where variation in the results obtained made it seem desirable to present 
data for individual animals. It may be observed in table 1, that data for 
529 are incomplete. This animal appeared normal until about the middle 
of the second 4-week feeding xieriod. She had i^eeeived 15 grams of the 
iodinated casein daily for two weeks when she began to show the symptoms 
of a rabid animal. She refused to eat and lost in body weight ra]iidly, and 
died in about a week after showing the first symptoms. After an examina- 
tion of the brain, the cause of the death of the animal was definite!}^ diag- 
nosed as rabies. Data from this animal are not included in the averages 
for Group 2. 
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Pig. 1. Effect of iodinated casein on milk production. 

Effect on milk production. Data presented in table 1 and in figure 1 
show that the feeding of 15 grams of iodinated casein daily, as a supplement 
to the regular ration, did cause a definite increase in the milk production 
of all animals on experiment. It may be observed in figure 1 that the cows 
increased in milk production for about two or three weeks after the begin- 
ning of iodinated casein feeding, after which there was a tendency to 
show a slight downward trend. It may be observed in the case of the cows 
in Group 2 that milk production showed a sharp decline for about two weeks 
during the third period when iodinated casein had been discontinued. Dur- 
ing the latter part of the third period there was an increase in milk pro- 
duction which is thought to be due to the cows going out on pasture. At 
that particular time the covrs in Group 1 were receiving iodinated casein 
which probably supplemented the stimulating effect of pasture. 

Effect on percentage fat content of the milk. Data summarized in figure 
2, show the effect of feeding iodinated casein on the fat content of the milk. 
The cows in both groups showed an increase in percentage fat content of 
the milk during the feeding periods. It may be observed that there was 
considerable carry-over effect following the feeding of the iodinated casein. 
After the feeding of the iodinated casein, the cows continued to secrete milk 
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'Fig. 2. Effect of iodinatccl casein on percentage biitterfat in milk. 

of a liiglier fat eoiiteiit than before, for a period of at least four weeks. In 
the ease of the cows in Group 1, there was an increase from an average of 
about 3.8 per cent to about 4.4 at the end of the first 4-week feeding peihod. 
During the nest 4-week period when the eow>s did not receive the iodiiiated 
casein the percentage fat decreased only about 0.2 per cent. During the 
last 4-week feeding period when the cows w’-ere again fed iodiiiated casein, 
the fat percentage increased to about 5 per cent. This represents about 1.2 
per cent increase in the fat content of the milk during the experiment. A 
small part of this increase in fat percentage may have been due to advance 
in lactation. 

The cows in Group 2 showed an increase in the percentage fat from about 
3.7 to about 4.4 per cent after four weeks of casein feeding. They were 
able to maintain a level of about 4.4 per cent for the following four weeks 
when they received no iodiiiated casein. 

Effect on total fat production. Data summarized in figure 3, show the 
effect of iodinatecl casein on total fat prodnction. In general butterfat pro- 



Fig. 3. Effect of iodmated casein on butterfat production. 
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Fig. 4. Effect of iodinated casein on the percentage total solids-iiot-fat of milk. 

dixetioii followed about tlie same trend as milk lorodiictioii for tlie animals 
in botli groups. The relative change in fat production due to casein feeding 
was considerably greater than in the case of milk prodnetion. This was 
brought about by both an increase in milk production and an increase in 
the percentage fat content of the milk. 

E^&cl on the solkls-not-fat content of the milk. In table 1 and in figure 
4 are presented data for the solids-not-fat content of the milk for the animals 
in both groups. It may be observed that the changes in the solids-not-fat 
content are small, but there seems to be a tendency for a small increase for 
animals Number 535 and 544 during the first iodinated casein feeding 
periods, with a slight decrease during the next period for Number 535 when 
she did not receive iodinated casein. In the case of cows Number 527 and 
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Fig. 5. Effect of iodinated casein on ascorbic acid content of milk. 
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541, there seems to be a much more definite tendency for the solids-not-fat 
to show an increase during the iodinated casein feeding with a decrease 
during the next 4- week period when the cows did not receive any iodinated 

casein. 

Effect on ike ascorbic acid cojitent of the milk. In figure 5 is presented 
a summary of the data persented in table 1, showing the effect of feeding 
iodinated casein on the ascorbic acid content of the milk. It may be observed 
that there was a definite decrease in the ascorbic acid content of the milk in 
all cases when iodinated casein was fed When the iodinated casein feeding 
was discontinued there was an increase in the ascorbic acid in the milk, but 
there seemed to be some carry-over effect/ It may be observed that the 
general trend was downward as the experiment progressed. 

Effect on change in body weight of the cows. In figure 6 is presented a 
summary of the changes in body weight of the cows in both groups. It may 



Weeks 

Pig. 6. Effect of iodinated casein on body weight. 

be noted that the cows in Group 1 did not show any particular change in 
body weight during the first iodinated casein feeding period but showed 
an increase of about seventy pounds during the second 4-week period when 
iodinated casein was not fed. During the third period when they received 
iodinated casein they showed a decrease in body weight which ivas about 
equal to the gain made during the preceding period. 

The cows in Group 2 showed a tendency to gain slightly in body "weight 
during the first 4-week period when not receiving iodinated casein but 
declined considerably during the second 4-week period when they received 
iodinated casein. They continued to show a decline in body weight for about 
twro W'Oeks during the third period when they were not receiving iodinated 
casein. After the middle of the third period body weight began showing 
an iipw^ard trend when they were turned to pasture. 

Effect 07% pulse rate and respiration. In table 2 are presented data show- 
ing the effect of iodinated casein on the pulse and respiration rates. Data 
are also presented showing the minimum and maximum barn temperatures 
on the days that the pulse and respmation rates were determined. 



TABLE 2 

Effect of iodinatcd casein on the imlse rata and resinralion 
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It may be observed that tliere was considerable variation in tlie pulse rate 
and respiration rate for the cows in the two groups, iievertlieless there "was 
a definite tendency for an increase in pulse rate and respiration with 
iodiiiated casein feeding. There was also an increase in respiration with 
an increase in the barn temperature as might be expected. 

DISCUSSION 

The results obtained in this experiment show clearly that iodinated 
casein will stimulate an increase in milk production and the percentage fat 
in the milk. There is some indication of a slight increase in the percentage 
solids-not-fat and a considerable decrease in the ascorbic acid content of 
the milk. 

The effect on milk production and the composition of the milk was ob- 
served after about 4 to 5 days of iodinated casein ‘feeding. Reineke and 
Turner (11) observed an increase in milk production after the third day 
when they were feeding from 50 to 100 grams daily.. Cows in the declining 
phase of lactation fed 15 grams of iodinated casein daily (7.5 grams morning 
and evening) for a period of four weeks showed an increase of from 5 to 20 
per cent in milk production and from 25 to 50 per cent in butterfat pro- 
duction. 

The increase in butter fat production was due to both an increase in milk 
production and an increase in the percentage fat content of the milk. There 
was considerable carry-over effect from one 4-week period to another in the 
percentage fat content of the milk. There is some evidence that the cows 
did not reach the peak for fat percentage of the milk in the 4- week feeding 
periods. It may be seen that the cows in Group 1 continued to rise in the 
percentage fat of the milk for the second 4-w’^eek iodinated casein feeding 
period. The butter fat percentage appeared to be influenced more by 
iodinated casein feeding than milk production. 

The solids-not-fat content of the milk of cows fed iodinated casein was 
only slightly increased which was probably not significant. Herman, Gra- 
ham and Turner (6) obtained only a slight increase in the solids-not-fat 
content of the milk when thyroxine was injected subcutaneously or when 
desiccated thyroid was fed orally. 

The feeding of 15 grams of iodinated casein daily was suffieient to cause 
a decrease of approximately thirty-three per cent in the ascorbic acid content 
of the milk. This is very similar to results reported earlier by Brown, Van 
Landiiighani and Weakley (1) when potassium iodide was fed. When fed 
at the rate of 5 grams daily for two weeks postassium iodide did not cause 
an increase in the rate of milk production. What effect, if any, iodinated 
casein may have on the ascorbic acid content of the blood is yet to be deter- 
mined. Nevertheless one might expect a reduction in .the ascorbic acid con- 
tent of the Hood corresponding to the reduction in the ascorbic acid content 
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of tlie milk. Eecent investigations liave shown that the level of ascorbic acid 
in the blood plasma is closely associated with fertility in dairy cattle. Ee- 
sults obtained by Philips ct al. (8, 9) with ascorbacidotherapy on sterile 
bulls and ^^hard to settle’' cows indicate that ascorbic acid is an important 
factor in breeding efficiency. 

Data obtained on the effect of feeding iodinated casein on respiration and 
pulse rate are very limited, nevertheless there was a tendency for the rate of 
respiration to increase. There was also an increase of about 10 beats per 
minute in pulse rate when iodinated casein w*as fed. This seems to be in 
line with observations of Eeineke and Turner (11). 

Changes in body weight w^ere noted but probably did not affect the 
animal adversely in the short time covered by this experiment. 

SUMMARY 

The effect of feeding 15 grams of iodinated casein (Protamone) to milk- 
ing cows in the declining part of their first lactation has been studied and 
the following results obtained : 

1. Changes in milk production and in the composition of the milk were 
apparent after about four to five days of iodinated casein feeding. 

2. Cows ill the declining part of lactation showed an increase of 5 to 20 
per cent in milk production and from 25 to 50 per cent in butterfat pro- 
duction. 

8. During the first four-weeks’ feeding of iodinated casein the fat con- 
tent of the milk was increased by 0.47 to 0.98 per cent above the fat content 
of the milk at the beginning of the exiierimeiit. 'When iodinated casein w^as 
discontinued for four weeks and then fed for a second four-week period, the 
fat content was increased by 0.90 to 2.03 per cent above the fat content of 
the milk at the beginning of the experiment. 

4. There was only a slight increase in the solids-not-fat content of the 
milk. 

5. There was a decrease of about thirty-three per cent in ascorbic acid 
coiitentrtof the milk. 

6. There was also an increase in respiration and pulse rate, and a small 
decrease in body weight. 
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SCHEDULE OF PROGEAMS 


(Eastern "War Time) 


! 

Date and 1 

Time 1 

i 

General 

Production 

Section 

Extension 

Section 

Manufac- 

turing 

Section 

Tuesday I 

•June 20 j 19 -U | 

9:00-111:00 1 

1:00-4:00 

Opening Session 

Section A 

Section 

Section A 

4: 00- 5: 00 

Committees 

Section B 
Committees 

Committees 

Section B 
Committees 

7: 00 

TTfilnesflay 

June -21, 1B24 

9 : 00-11 : 0!) 

Informal 

Get Togetlier 

Syinposium 

Section A 

Section 

Section A 

11: 00-12: 00 


Section B | 

Joint Business Meeting 

Section B 
Business 

1 : 00- 4 : 00 

4 : 00- 5 : 00 

j Post "War 

1 Problems in 
i Dairying 

1 Committees 

Committees 

Committees 

Meeting 

Committees 

7: 00 

Thursday 

J mie 22, 1944 

9: 00-11: 00 

1 . Reception 

Joint Syi 

nposimn 

Symposium 

11 : 00-12 : 00 


Business 

Business 

Business 

1 : 00- 3 : 30 

3: 30 

7: 00 

Latin American 
Dairying 
Business 

Meeting 

Association 

Banquet 

Meeting 

Meeting 

Meeting 


PHOTOGRAPHIC PROJECTION 

Projection equipment will be available if required. It is the 
liope of the committee, liowever, tliat tabular and grapliic material 
will be presented in mimeograph form rather than as slides. 


IN\UTATION TO VISIT OHIO EXPERIMENT STATION 

The administration of the Ohio Experiment Station and the members 
of the Dairy Department staff cordially invite you to visit the Experiment 
Station at Wooster on your way to or from the Dairy Science meetings. In 
addition to the regular experimental herd, there is a special herd and farm 
devoted entirely to pasture research, an experimental forage harvester, and 
extensive batteries of experimental silos. 

Wooster is 90 miles north of Columbus on state routes 3, 5, and 30. It is 
readily accessible by bus from all dnections and by rail from east and west. 
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GENERAL PROGRAM 

(Eastern War Time) 

Tuesday, June 20, 1944 

9 : 00-12 : 00 Opening Session. Campbell Hall, Room 200. 

A. C. Dahlberg, President, American Dairy Science 
Association, Presiding. 

Introduction of Officers and Guests. 

Address of Welcome — ^Dr. Howard L. Bevis, President, 
The Ohio State Vniversity, 

Response and Presidential Address — A. C. Dahlberg, 
President, American Dairy Science Association. 

Guest Speaker. 

Announcements, 

1 : 00- 4 : 00 Sectional Meetings. 

Production Section A, Feeds and Feeding, Room 100, 
B&Z Bldg. 

Production Section B, Plwsiology and Nutrition, Boom 
209, B & Z Bldg. 

Manufacturing Section A, Bacteriology, Boom 302, Camp- 
hell Hall. 

Manufacturing Section B, Cliemistiy, Boom 200, Camp- 
bell Hall. 

Extension Section, D.H.I.A. work, Room 206, H <& F 
Bldg. 

4 : 00- 5 : 00 Committee Meetings. 

7 : 00- 9 : 00 Production Section Symposium, Room 100, B&Z Bldg. 
Relation of Body Size to Milk Yield. 

A. The Energy-Size Basis of Measuring Milk Yield — 
W. L. Gaines, University of Illinois. 

B. The Significance of Body Size in Milk Production — 
Samuel Brody, Vniversity of Missouri 

0. Pertinent Data on the Problem — ^Man Kleiber, Uni- 
versity of California. 

D. How the Size Problem Affects Breed Associations — 

C. T. Conklin, Ayrshire Breeders Association. 

7:00 Informal Get Together — Faculty Club, Ohio State Uni- 

versity, 

Wednesday, June 21, 1944 

9 : 00-11 : 00 Sectional Meetings. 

Production Section A, Feeds and Feeding, Boom 100, 
B&Z Bldg. 
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11 : 00 - 12:00 


1:00- 4:00 


4:00- 5:00 
7:00 


Production Section B, Animal Breeding, Room 209, B & Z 

Bldg. 

Manufacturing Section A, Butter and Cheese, Boom 203, 

Campbell Hall, 

Manufacturing Section B, Milk and Other Daily Prod- 
ucts, Room 200, Campbell Hall. 

Extension Section, Boom 206, H & F Bldg, 

Business Meetings op Sections. 

Production and Extension, Joint Business Meeting, Room 

206,H&F Bldg, 

Manufacturing, Business Meeting, Room 200, Campbell 

Hall, 

General Session. 

Post War Problems of Dairying, Room 200, Campbell 
Hall 

A. Why Different Problems After the War — E. L. 
Anthony, Michigan State College. 

B. Is Dairy Expansion to Continue ? — Earl Weaver, 
Michigan Stale College, 

C. Improving a Post War Testing Program — C. T. 
CoNEXfiN, Ayrshire Breeders^ AssociaUon. 

D. Post War Demand for Livestock — 0. E. Reed, 
Bureau of Dairy Industry. 

E. Recommended Nutrient Allowances for Dairy Ani- 
mals — ^J. K. Loosli, Cornell University. 

F. Nutrition Education as a Safeguard Against Post 
War Problems — ^E. M. Harmon, National Dairy 
Council. 

G. Problems of Farm Milk Collection Delivery to 
Plants and Retail Delivery of Milk — Leland Spen- 
cer, Cornell University, 

H. Problems Pertaining to Processing, Manufacturing, 
and Distribution of Dairy Products in the Post War 
Period — H. H. Sommer, Leland Spencer, A. W. 
Parrall and R. J. Ramsey. A Committee Report. 

Committee Meetings. 

Reception, Faculty Club, 


Thursday, June 22, 1944 
9 : 00-11 : 00 Sectional Meetings. 

Manufacturing Section S 3 nnposium, Room 200, Campbell 
Hall 

Dehydrated Milk and Milk Products. 

A. Tj^es of Dehydrated Milk and Milk Products— 
P. H. Tracy, University of Illinois. 
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B. Standard Specifications and Methods of Analysis 
of Dried Milk — ^L t. Egbert Remaley, Subsistence 
Research and Development Laboratory , U. 8. 
Army Quartermaster Corps. 

C. Use of Anti-oxidants in the Mannfactnre and 
Storage of Dried Wliole Milk — S. T. Coulter, 
University of Minnesota. 

D. Packaging of Dehydrated Milk and Milk Prod- 
ucts — ^Major James d’A. Clark, Subsistence Ee~ 
search and Development Laboratory , TJ. S. Army 
Quartermaster Corps. 

B. The Future of the Dehydrated Milk and Milk 
Products Industry — J. T. "Walsh, American Dry 
Milk Institute. 

Production and Extension Symposium, Room 206, H cO F 

Bldg. 

Mastitis and the Feed Situation. 

A. Mastitis from the Dairyman’s Stand Point — T. S. 
Sutton, Ohio State University. 

B. Modern Methods of Treating Mastitis — C. S. 
Bryan, Michigan State College. 

Discussion 

C. The Feed Situation — ^Walter Berger, Chairman 
of the Feed and Livestock Division, Food Produc- 
tio n Adniinishmtion. 


11 : 00~1S : 00 


1:00- 3:30 


3:30 

7:00 


Discussion 

Sectional Business Meetings — Production, Room 100, B c& 
Z Bldg.; Manufacturing, Room 200, Campbell Sail; and 
Extension, Room 206, S & F Bldg. 

General Session, Room 200, Campbell Hall. 

Latin American Dairying. 

A. Dairying and Agricnlture — R. B. Hodgson, 
Bureau of Dairy Industry. 

B. DaiiT Products in Latin America — A. 0. Dahl- 
BERG, Cornell University. 

G. Thomas Jefferson, The Farmer — 0. E. Reed, 
Bureau of Dairy Industry: 

General Business Meeting, Room 200, Campbell Hall. 
Annual Banquet — Installation of Officers and Presenta- 
tion of Borden Awards. 
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SECTIONAL PROGRAMS 
EXTENSION SECTION 
Tuesday^ June 20 

Afternoon Session, Room 206, H & P Bldg. 

E. C. Sgheidenhelm — Chairman 

1 : 00- 1 : 15 Opening Business Session. 

1 : 15- 4 : 00 Sectional Program. 

A. Panel Discussion on D.H.I.A. work — Leader, E. H. 

Lovelan0, University of Vermont. 

El. Agreement Forms and D.H.I.A. Organization 
— W. T. Crandall, Cornell University, 

E2. Short Cuts in Record Keeping — J. P. Ken- 
drick, Bureau of Dairy Industry. 

E3. A Suggested Form for Permanent and Cur- 
rent Records — J. F. Kendrick, Bureau of 
Dairy Industry. 

E4. Securing Supervisors During and Immedi- 
ately Following the "War — C. R. Gearhart, 
Pennsylvania State College. 

E5. Streamlined Testing for Everybody — G. "W. 
Vergeront, University of Wisconsin. 

E6. Testing in Areas of Small Herds and Scarce 
Membership — R. A. Ca^t:, South Dakota State 
College. 

B. Report o£ the Committee — C. R. Gearhart, PennsyL 
vauia State College, 

E7. Wartime 4-H Dairy Club Program— J. C. 
Nageotte, Pennsylvania State College, 

C. Report of 4-H Club Committee — H. A. Willman, 
Cornell Uni vers ity . 

4 : 00- 5 : 00 Committee Meetings. 

Wednesday, June 21 

Morning Session, Room 206, H & F Bldg. 

E. C. Sgheidenhelm — Chairman 

9 : 00-11 : 00 Sectional Program. 

E8. The Forced Ventilation System of Curing 
Hay in the Mow — R. G. Connelly — Virginia 
Polytechnic Institute. 

E9, A Complete Sire Proving Program — C. T. 
Conklin, Ayrshire Breeders Association. 
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ElO. Tlie Task of Getting* Quality Bulls Giving 
Quality Semen — S. J. Brownell, Cornell Uni- 
versity, 

Ell. Action Program for Kapid ‘Wasliing Methods 
— J. M. Jensen, Michigan State College, 

D. Report of Quality and Marketing Committee — E. Wal- 
LENFELDT, University of Wisconsin. 

E. Report of States with Exhibits and Committee on 
Teaching Ideas — R. T. Harris, University of Wis- 
consin. 

F. Report of Type Rating Committee — J. W. Linn, Kan- 
sas State College. 

G. Report of Dairy Cattle Health Committee — C. W. 
ReeA'ES, University of Tennessee. 

H. Report of Dairy Farm Management Committee — M. J. 
Regan, University of 3Iissou7i. 

11:00-12:00 Joint Business Meeting — Production and Extension Sec- 
tions, Boom 206, H & F Bldg., E. C. Scheidenhelm, Pre- 
siding. 

A. Report of Dairy Cattle Breeding Committee — E. J. 
Perry, Rutgers University. 

B. Report of Breeds Relations Committee — H. A. Her- 
man, University of Missouri. 

C. Report of Pasture and Roughage Committee — R. B. 
Becker, University of Florida. 


Afternoon Session 

1:00- 4:00 General Session — ^Post "War Problems of Dairying. (See 
General Program.) 

4 : 00- 5 ; 00 Committee Meetings. 


Thursday, June 22 
Morning Session 

9 : 00-11 : 00 Joint Symposium — ^Production and Extension Sections, 
Boom 206, H. & F Bldg. 

Mastitis and Feed Situation — Dwight Espe, Presiding. 
See General Program. 

11 : 00-12 : 00 Business Meeting — Extension Section, 


Afternoon Session 

1 : 00- 3 : 30 General Session — ^Latin American Dairying. (See General 
Program. ) 

General Business Meeting, Boom 200, Campbell Sail. 


3:30 
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Evening 

7 : 00 Annual Banquet — Installation of Officers, Presentation of 

Borden Awards. 

PEODITCTION SECTION 
Tuesday f June 20 
Afternoon Sessions 
Dwight Espe — Chairman 

1 : 00- 4 : 00 Sectional Programs. 

Section A — Feeds and Feeding, Boom 100^ B & Z Bldg., 
G. W. Salisbury, Presiding 

PI. Some Factors Affecting tlie Nutritive Value of Ko- 
rean Lespedeza Hay — H. A. Herman, E. W. Swan- 
son, and a. C. Eagsdale, University of 3Iissouri. 

P2. Tile Feeding Value of Cheat for Dairy Cows — M. H. 
Berry, K. L. Turk, and L. A. Moore, University of 
Maryland, 

P3. Silage Fermentation Losses — A. E. Perkins, Ohio 
Agricultural Experiment Station. 

P4. Silage Versus Winter Pasture for Daily Cows — C. E. 
Wylie, B. P. Hazelwood, and L. K. Neel, Univer- 
sity of Tennessee, 

P5. Effect of Feeding Corn and Alfalfa Silage on the 
Fat- and Water-Soluble Vitamins — J. J. Stefaniak, 
I. W. Rupel, and W. H. Peterson, University of 
Wisconsin, 

P6. New Feeding Standard for Milk Production^T. A. 
Baker, University of Delaware, 

P7. Limited Grain Ration Versus All Roughage Ration 
for Dairy Cattle— F. B. Wolberg, A. A. Spielman, 
V. L. Miller,, and U. S. Ashworth, State College of 
Washington, 

P8. Limited Grain Feeding of Dairy Cows — C. E. 
Wylie, S. A. Hinton, and B. P. Hazelwood, Uni- 
versity of Tennessee, 

P9. Carotene Losses in Freshly Cut Plant Tissues — R. K, 
Waugh, S. M. Hauge, and J. H. Hilton, Purdue 
University. 

PIO, Vitamin A Requirements of Dairy Cattle for Nor- 
mal Growth and Reproduction — J. H. Hilton, J. W. 
Wilbur, and S. M. Hauge, Purdue University, 

Pll. Carotene Levels for Growth and Reproduction in 
Dairy Bulls — 1. R. Jones, Oregon State College. 
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P12. Changes in Blood-plasma Carotene Associated with 
Parturition and Lactation of Jersey Cows — ^A. H. 
Kuhlman and W. D. Gallup, OMakoma A M 
College, 

P13. Vitamin E in the Nutrition of Cattle — T. W. Gul- 
LicKsoN, L. S, Palmer, W. L. Boyd, and F. C. Olson, 
University of Minnesota, 

Paper to he Bead hy Title 

P13a. The Value of Fat in Alfalfa Hay Eations — I.' Ev 
Jones, Oregon State College. 

Section B — Physiology and Nutrition, Boom 209, B & Z 
Bldg., Dwight Espe, Presiding 

P14. Studies on Ketosis in Dairy Cattle — J. C. Shaw, 
University of Connecticut. 

P15. Symptoms of Scurvy Observed in a Herd of Dairy 
Cattle — C. W. Duncan, C. P. Huffman, E. Mitch- 
ell, Jr., and J. T. Eeid, Michigan State College, 

P16. The Eelatioii of Vaccum to Speed in Mechanical 
Milking — ^Vearl Smith and VT. E. Petersen, Uni- 
versity of Minnesota. 

P17. Studies of Mammary Gland Carbohydrate Metabo- 
lism in Vitro — C. B. Knodt and W. E. Petersen, 
University of Minnesota. 

P18. Pre-partiim Milking — E. A. Keyes, J. J. Eeid, A. A. 
Borland, A. L. Beam, and P. S. Wlliams, Pennsyl- 
vania State College, 

P19. The Use of Simplified Diets in the Study of the Pat 
Metabolism of the Mammary Gland — 0. W. Kauf- 
mann, University of Connecticut. 

P20. The Effect of Two Different Methods of Feeding Cod 
Liver Oil on Pat Test in Milk — L. A. Moore, G. T. 
Hoffman, and M. H. Berry, University of Mary- 
land. 

P21. Further Observations on the Initiation and Mainte- 
nance of Lactation in Dairy Cattle — ^E alph P. 
Eeece, New Jersey Agricultural Experiment Sta- 
tion. 

P22. The Eesponse of Louisiana Milk Cows to lodinated 
Casein Feeding — ^D. M, Seath, Cecil Branton, and 
A. H. Groth, Louisiana State University. 

P23. Studies in the Utilization of Thyroprotein by Eumi- 
iiants — C. W. Turner and E. P. Eeineke, Univer- 
sity, of Missouri. 
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P24. Studies of Thyroid Physiology by Use of Thiourea 
and Its Derivatives — E. P. Reineke, A. B. Schultze, 
AND G. W. Turner, University of Missouri 

P25. The Effect of Pitociii on Milk Lipase — Philip L. 
Kelly, Unhersiiy of Arkansas. 

P26. Factors Affecting the Chylomicron Count — Dwight 
Espe AND C. Y. Cannon, Iowa State College. 

Palmer to he Read by Title 

P27, Morphology of the Teat in Relation to Milking and 
Trauma — W. E. Petersen, C. B. Knodt, and W. L. 
Boyd, University of Minnesota. 

4 : 00~ 5 : 00 Committee Meetings, 

7 : 00 Symposium — Relation of Body Size to Milk Yield. (See 

General Program.) 

Wednesday f June 21 
Morning Session 

9 : 00-11 : 00 Sectional Programs. 

Section A — Feeds and Feeding — Calf Rearing — Harvest- 
ing Roughages, Room 100, B & Z Bldg., Dwight 
Espe, Presiding 

P28. Threshed Peanut Hay as a Roughage for Dairy 
Cows — ^A. H. Kuhlman and H. W. Cave, Oklahoma 
A & 31 College. 

P29. The Use of Urea in Commercial Dairy Feeds — ^W. H. 
Hastings, Nutritioned Director, Lindsey -Robinson 
<£’ Compa7iy. 

P30. Corn Silage Made with the Addition of Urea and Its 
Feeding Value — T, E. Woodw A m, ^Bureau of Dairy 
Industry. 

P31. Urea Sorghum Silage— George K. Davis, C. L. 
Comae, R. B. Becker, and P. T. Dix Arnold, Uni - 
versity of Florida. 

P32. Urea Treated Corn Silage Versus Untreated Corn 
Silage as a Dairy Peed — G. H. Wise, J. H. Mitchell, 
J. P. LaMaster, and D. B. Roderick, Clemson Agri- 
cultural College. 

P33. The Minimum Protein Requirement of Young Hol- 
stein Calves — ^L. E. Harris and J. K. Loosli, Cornell 
University. 

P34. Studies on Carotene Conversion in the Young Calf — 
Norman S. Lundquist and Paul H. Phillips, Uni- 
versity of Wisco7isin. 
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P35. Observations on the Pathology of Dairy Calves on 
Low Yitamin A Diets — E, A. Keyes, S. I. Bechdel, 
W. T. S. Thorp, and N. B. Guerrant, Pennsylvania 
State College. 

P36. The Effect of Sulfa Drugs and Immunity Develop- 
ment Upon Blood Plasma Vitamins A and C in the 
Young Bovine — ^Norman S. Lundquist and Paul H. 
Phillips, JJyiiversity of Wisconsin. 

P37. The Use of Stored Colostrum to Replace Marketable 
Milk for Calf Feeding — ^N. N. Allen, University of 
Yermont. 

P38. Experiences with the Forage Crop Harvester in 
Making Grass Silage — C. F. Monroe, Ohio Agricul- 
tural Experiment Station. 

P39. Development of the Barn Hay-drying System — C. E. 
AYylie and John A. Schaller, University of Ten- 
nessee. 

Section B — xiniinal Breeding and Reproduction, Boom 
50.9, B <& Z Bldg., G. W. Salisbury, Presiding 

P40. Congenital Muscular Contracture and Ankylosis in 
Dairy Cattle — A. A. Spielman, 0. J. Hill, and E. C, 
MgCullock, State College of Washington. 

P41. The Optimum Emphasis on Dam^s Records when 
Proving Dairy Sires — Jay L. Lush, Iowa Stale 
College. 

P42. Tendency Toward Mastitis in Two Cow Families — 
J. M, Murphy and K. 0. Pfau, New Jersey Agricul- 
tural Experiment Station. 

P43. The Effect of the Oral Administration of Chloretone 
to Bulls on the Fertility of the Semen Produced — 
Irvine Elliott, Cornell University. 

P44. Storage of Bovine Spermatozoa in Diluents Contain- 
ing Certain Amino Acids — C. E. Knoop, Ohio Agri- 
cultural Experiment Station. 

P45. Recent Observations on the Preservation of Bull 
Semen — Henry A. Lardy and Paul H. Phillips, 
University of Wisconsin. 

P46. Further Studies of the Effect of Dilution Rate on 
the Fertility of Bull Semen Used for Artificial In- 
semination — G. W. Salisbury, Irvine Elliott, and 
N. L. VanDemark, Cornell University. 

P47. Conception Rate in Dairy Cattle by Artificial In- 
semination at Various Intervals Before and After 
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Ovulation — G.W. Trimberger and H. P. Davis, Uni- 
versity of Nebraska. 

P48. Tlie Metlij'leiie Bine Eecluetioii Test and Its Relation 
to Other Measures of Quality in Bull Semen — G. W. 
Salisbury, Ernest Mercter, and N. L. VanDe- 
MARK, Cornell University. 

P49. The Influence of Pregnancy on the Body Weight of 
Dairy Cows — D. N. Putnam and H. 0. Henderson, 
University of West Virgmia. 

P50. Factors to Consider in Long Distance Semen Ship- 
ping — H. A. Herman and E. AY. Swanson, Univer- 
sity of Missouri. 

11 : 00-12 : 00 Joint Business Meeting — ^Production and Extension Sec- 
tions, Boom 206, H <£’ F Bldg., E. C. Scheidenhelm, Pre- 
siding. 

A. Report of Dairy Cattle Breeding Committee — E. J. 
Perry, Rutgers University. 

B. Report of Breeds Relations Committee — H. A. Her- 
man, University of Missouri. 

C. Report of Pasture and Roughage Committee — R. B. 
Becker, University of Florida. 

Afternoon Session 

1:00- 4:00 General Session — Post AYar Problems of Dairying. (See 
General Program.) 

4 : 00- 5 : 00 Committee Meetings, 

Thursday, June 22 
Morning Session 

9 : 00-11 : 00 Joint Symposium — Production and Extension Sections, 
. Boom 206,H&F Bldg. 

Mastitis and Feed Situation — See General Program. 

11 : 00-12 : 00 Business Meeting — Prodnction Section, Boom 100, B & Z 
Bldg. 

Afternoon Session 

1 : 00- 3 : 30 General Session — ^Latin American Dairying, Boom 200, 
Campbell Hall. 

3 : 30 General Business Meeting, Boom 200, Campbell Hall. 

Evening 

Annual Banquet — ^Installation of Officers and Presenta- 
tion of Borden Awards. 


7:00 
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MANUFACTUEING SECTION 
Tuesday, June 20 
Afternoon Session 
P. P. Sharp — Chairman 

1 : 00~ 4 : 00 Sectional Programs. 

Section A — ^Bacteriology, Boom 302, Campbell Hall 

Ml. Factors Wliieli Influence the Apparent Survival of 
Heat-Treated Bacteria — P. E. Nelson, Iowa State 
College, 

M2. A Correlation of the Eesazurin Test Read with an 
All-Purpose Lovihond Comparator at 10, 30, and 60 
Minutes with the Standard Plate Count of Milk — 

S. Irene Jorgensen and N. S. Golding, State Col- 
lege of Washington. 

M3. Mastitis and the Plate Count of Milk — E. 0. 
Anderson, University of Connecticut. 

M4. Behavior of Bacteria in Certain Gases under Pres- 
sure — ^M. J. Prucha, University of Illinois. 

M5. Bactericidal Property of Some Acids, Wetting Com- 
pounds, and Acid Cleaners — M. J. Prucha, Univer- 
sity of Illinois. 

M6. Farm Sources of Oospora Lactis — E. R. Garrison, 
University of Missouri, 

M7, Further Observations on the Use of the Propionates 
as Inhibitors of Mold on the Surface of Butter — 
J. C. Olson and H. Macy, University of Minnesota. 

M8. The Mold Myeelia Count as an Index of Quality of 
Butter — Lt: P. E. Elliker and B. E. Horrall, 
Purdue University. 

M9. An Aerobacter Species in Whey Cream as a Cause 
of a Medicinal Flavor Encountered in Butter — 

T. J. Clayden, University of Arkansas, 

Section B — Chemistry, Boom 200, Gamphell Hall 
MIO. Some Chemical and Physical Properties of Washing 
Powder — P. S. Lucas, Michigan State College, 

Mil. Factors Entering into the Testing of Some Cream 
for Extraneous Matter — K. M. Eenner, Texas 
Technological College. 

M12. The Problem of Extraneous Matter in Cheddar 
Cheese — W. V. Price and Raymond Miersch, Uni- 
versity of Wisconsin. 
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Correlating Lactic Acid Determination witli Practi- 
cal Milk Quality Test in Grading Milk for Manu- 
factured Dairy Products — I. A. Gould, Michigan 
State College. 

M14. Use of Conductivity Measurements for Detecting* 
Neutralization of Sweet Cream Buttermilk — S. T. 
Coulter and R. W. Kunkel, University of 3£inne- 
sota. 

M15. An Improved Tecliniqiie for the Determination of 
tlie Volatile Acidity of Cheese — K. L. Smiley and 
A. C. Dahlberg, Cornell Universiiij. 

M16. A Study of Some of the Substances Adsorbed on 
the Pat Globules of Milk — Robert Jenness, Univer- 
sity of Minnesota. 

M17. Some Factors Affecting the Inversion of Sucrose — 
T. R. Freeman and E. L. Pouts, University of 
Florida. 

M18. Study of the Peroxide Value of Stored Spray-Dried 
AYhole Milk Powder — Harry Pyenson, P. H. Tracy, 
and J. E. Trimble, University of Illinois. 

M19. The New Method for the Determination of Lipase 
in Milk. Philip L. Kelly, University of Arkansas. 

4 : 00- 5 : 00 Committee Meetings. 

Wednesday, June 21 

Morning Session 
P. P. Sharp — Chairman 

9 : 00-11 r 00 Sectional Programs. 

Section A — ^Butter and Cheese, Boom 20S, 
Camphell Hall 

M20. The Influence of Butter Cultures and of Butter 
Flavors on the Quality of Biittex’ — H. C. Olson and 
P. E. Johnson, Oklahoma A and M College. 

M21. Effect of' Various Bacteria on Diacetyl Content and 
Flavor of Butter — ^Lt. P. R. Elliker, Purdue Uni- 
versity, 

M22. The Effect of Storage Temperatures on the Keeping 
Quality of Butter — G. W. Stark, J. R. Campbell, 
AND E. S. Guthrie, Cornell University. 

M23. Butter Studies — E. S. Guthrie, Cornell University. 

M24, Action of Lipases from Various Sources on the Pat 
of Cheddar Cheese — P. J. Babel, Iowa State Col- 
lege. 
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M25. Combining Lactic and Biilgariciis Fermeiitatioii in 
Cheese Making to Prevent Gas Formation in Cheese 
Eipening — S. Golding, State College of Wash- 
ington. 

M26. Does the GroAYth of Blue Mold in Eoqiiefort Type 
Cheese Change Its Bacterial Flora ? — ^N. S. Golding, 
State College of Washington. 

M27. Effect of Heat Treatments of Milk on Quality and 
Eipening of Cheddar Cheese — A. 0. Call and 
W. V. Price, University of Wisconsin. 

M28. Eelation of Corn and Alfalfa Silage to the Quality 
of Cheese and Its Carotene and Vitamin A Con- 
tent — W. Price, K. Higucki, and W. H. Peter- 

soNj University of Wisconsm. 

Section B — Milk and Other Dairy Products, 

Boom 200, Camplell Hall 

M29. Two Years’ Experience in Deaerating Milk — E. S. 
Guthrie, Cornell University. 

M30. The Eelationship of the Individuality of the Cow to 
the Production of Eaneid Milk — W. A. Krienke, 
Oklahoma A & M College. 

M31. Milk as a Frozen Food — J. G. Leeder and F. J. 
Doan, Fennsylvania State College. 

M32. The Utilization of Skimmilk in lee Cream Mix — 
AV. S. Arbuckle, C. N. Shepardson, and H, M. 
Walling, Ado M College of Texas. 

M33. Factors Affecting the Oxygen Content of the Gase- 
ous Phase of Packaged IVhole Milk Powder^ — John 
Hetrick and P. H. Tracy, University of Illinois. 

M34. The Keeping Quality of Commercial Dried AVhole 
Milks Packaged in Air and in Nitrogen — G. E- 
Greenbank, P, a. AVright, and E. F. Deysheb, 
Bureau of Dairy Industry, U.S.D.A. 

M35. Further Observations Dealing with the Behavior of 
Ascorbic Acid in Evaporated Milk — ^D. V. Joseph- 
SON and F. j. Doan, Pennsylvania State College. 

M3 6. A Comparison of Different Types of Sweetening 
Agents in the Preservation of Condensed Milk — 
W. A. Hoskisson and P. H. Tracy, University of 
Illinois. 

M37. Iron Content of Evaporated Milk in Eelation to 
Greenish-Dark Discoloration in Mixtures of Coffee 
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and Evaporated Milk — W. C. Cole and X, P. 
Tarassuk, University of California. 

M38. Can We Hold Our Wartime Marketing Gains in 
' ■ Post-War Adjustments — C. 6. McBride, Ohio State 

University. 

11:00-12:00 Business Meeting — ^Manufacturing Section, Boom 200, 
Camplell Kali. 

Afternoon Session 

1:00- 4:00 General Session — ^Post War Problems of Daiiying. (See 
General Program.) 

4 : 00- 5 : 00 Committee Meetings. 

Thursday, June 22 

Morning Session 
P. P. Sharp — Chairman 

9:00-11:00 Symposium — Dehydrated Milk and Milk Products, Boom 
200, Campbell Hall. 

See General Program, 

11:00-12:00 Business Meeting — ^Manufacturing Section, Room 200, 
Campbell Hall. 

Afternoon Session 

1 : 00- 3 : 30 General Session — ^Latin American Dairying. (See General 
Program.) 

3 : 30 General Business Meeting, Boom 200, Campbell HalL 

Evening 

7 : 00 Annual Banquet — Installation of Officers and Presenta- 

tion of Borden Awards. 



JOURNAL OF DAIRY SCIENCE 

Volume XXVII June, 1944 Number 6 


KED MOLD ON BLUE CHEESE^ 

B. AAL HAMMEE and JOSEPH C. GILMiVN 
loioa Agricultural Experimeut Station, Ames, loica 

During recent j^ears there has been a great increase in the blue cheese 
procliictioii of the United States, partienlarlj' in the Middle West. As bcaa^ 
plants liaA^e come into production and the older plants haA^e increased their 
output, A^arioiis problems haA^e become important. One of these is the ap- 
pearance of red areas of mold growth on the surfaces of cheese in certain 
curing rooms. 

ComnioiilT the red mold is first eAudeiit on the cheese as small, bright-red 
colonies AA'hich may be feAv or very numerous. The colonies usually are 
noted in 10 days to seA^eral AA^eeks and increase in size, often rather rapidly, 
until they are 1 inch or more in diameter. If the colonies are rather numer- 
ous they groAv together and form large red areas which make up a consider- 
able portion of the cheese surface. Both the colonies and areas of mold 
groAAdh haA?'e more or less irregular edges. In some instances blue or green 
mold groAvth is eAudent in the red groAvth, especially Avhen the latter has been 
present for some time, but ordinarily the red groAYth continues to be domi- 
nant in the areas in Avdiich it has developed. The red colonies and areas are 
A’-ery conspicuous on cheese because of their bright-red color AAdiich contrasts 
sharply AA'ith the colors of the other grovdh on the surfaces of the cheese. 

ISOLATION OP THE RED MOLD 

Although the general appearance of the red colonies suggests that isola- 
tion of the mold Avould be simple, difficulties Avere encountered in the early 
attempts. Material taken from the colonies and smeared on various media 
usually gave such a lieecvy groAAdh of bacteria, yeasts and Penicillmm roque- 
forti that colonies of the red mold Avere not obtained. Eventually a cheese 
agar Avliich had been developed for the isolation of Bacterium linens (1) was 
found to be fairly satisfactory. 

To prepare the medium, 100 g. of ripened cheese is suspended in 300 ml. 
of distilled water containing 10 g. of potassium citrate. When the cheese 
is Avell distributed the mixture is AAmrmed to about 50 G. and placed in a 

Eeceived for publication October 29 , 1943 . 

^ Journal Paper No. 1153 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project 119. 
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eylinder for separation of the fat. Thirty minutes are enough to give rea- 
sonably eoiiipiete separation. Only the aqueous portion of the suspension 
is used ill the agar so the fat is removed by suction. Ten g. of peptone, 50 
g. of sodium cdiloride, 2 g. of sodium oxalate and 15 g. of agar are dissolved 
ill 700 ml. of distilled ivater. The cheese suspension is added to this mixture 
and the reaction is adjusted to pH 7.4. The agar is dispensed in bottles and 
sterilized in the autoclave for 25 minutes at 15 pounds pressure. When 
plates are to be poured, the melted and cooled agar must be thoroughly 
agitated to distribute the suspended cheese solids. 

Material taken from the red colonies on cheese and smeared on the sur- 
face of the cheese agar regularly showed growth of various organisms but 
usually some areas were found on which the red mold was growing away 
from other species. By picking material from such areas and smearing on 
another cheese agar jilate and repeating this procedure, pure cultures even- 
tually were obtained, altliougli a considerable period was required. Incuba- 
Tion of the plates at 18° to 21° C. with a relatively high humidity was 
satisfactory. 

IDENTITY OF THE RED MOLD 

Laboratory examination of the red mold disclosed it to be a fungus Avhich 
lias been imowm as a contaminant of cheese for many years. It grows very 



Fig. 1. Growth of Sporcndonema casei on cheese agar (A) and potato dextrosi* agar 
(B) at 20^^ C., after 10 days, 

slowly on the ordinary media used in myeological work, such as potato dex- 
trose or Czapek^s solution agar, but much more rapidW on the cheese iiiediiim 
mentioned above. This relationship explains the difficulty eneoiiiitered 
when isolations were first attempted. On the cheese medium, the mycelium 
was floceose, white at first but soon becoming orange-red as the fruiting 
developed. On potato dextrose agar the growth was much slower, as is 
shown in figure 1 which illustrates colonies of the same age on the two media. 
On potato dextrose agar a further difference was noted ; the red color was 
suppressed in the fungus but diffused into the medium turning it dark red. 
Optimum growth occured between 15° and 20° C. 

Sporulation was initiated by the production of erect fruiting hypliae on 
the surface of a colony. These hyphae were club-shaped and sparingly 
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braiielied, with septa at irregular intervals. They were two to three times 
the diameter of the inyceiial threads that bore them (figure 2). Spores 
were laid down in the cells of the sporophores b 3 ^ the formation of thick 
walls within the walls of the sporophores. The^^ were filled with oil drops 
•which gave the characteristic color to the colonies. The spores were disc- 
shaped with rounded corners and were liberated by the breaking of the 
hyphal ivall wdiieh surrounded them. The}" w^ere variable in size depending 
on their position in the club-shaped fruiting hyphae ; their longest diameter 
varied from 6 to 9 microns. These spores, being produced within the walls 
of the Iwphae w’hieh bear them and also because of the thick wall, Avouid be 
best denoted as chlam^-dospores, following the proposal of Vuillemin (17)p 
rather than eonidia so that the}’ would not he confused with similar tliin- 
w’alled spores (arthrospores) produced on the hyphae of such fungi as 




Pig. 2. Chlamydospores and sporophores of Bporendonema casei. a. Mycelium, 
b. Mature sporophore showing method of fracture, c. Mature eonidia. d. Immature 
sporophores showing method of branching, e. Fragment of sporophore containing four 
mature chlamydospores. 

Geotrichum candidum (Oospora lactis) as described by Langeron and 
Taliee(8). 

Taxonomically the name that should be used for the red mold is very 
difficult to determine. In 1826, Desmazieres (6) described a red mold on 
cheese under the name of 8%>orendonema casei whieh he pointed out had been 
earlier denoted Mucor crustaceiis Bulliard, Aegerita Crustacea DeCandolle, 
Oidhim riibens Link, and Scpedonium caseorum Link, but which did not fit 
into any of these genera because of the endogenous production of the spores, 
a character whieh had not been observed by earlier workers. Corda (5), in 

2 In 1910, Vuillemin (17) divided the asexual spore forms found in the Fungi Imper- 
fecti into two main groups (a) eonidia vera, i.e., spores abstricted from the tip of a 
eonidiophore and (b) tkallospores which are part of the hypha bearing them. The thaUo- 
spores were in turn divided into three types (a) arthrospores whieh arise by fragmentation 
of the hypha, (b) blastospores which arise as globular buds and (e) chlamydospores j thick- 
walled spores, laid down either terminally or interealarily. 
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1838, denied tlie internal oingin of the spores and transferred tlie fungus to 
Ms genus Toiiila and Saceardo ( 14 ), in 1880 , emended the geims Oospora 
and, ill 1882, iiieliided the red mold in it under the name Oospora Crustacea 
(BiilL) Sacc. Since then this name has often been used for the organism. 
Howerer, in 1924, Lonbiere (11) in his study of the molds foimd on cheese 
returned to S'porendonema easel as a designation for the red fiiiigns. In 
the iiieantiiiie the fungus and its name had been variously interpreted be- 
cause of the lack of uniformity of usage among workers in this group of 
fungi. Berkhoiit (2), in her discussion of the molds in the group, treated 
it in a literature review under the name Oospora Crustacea. Siinistiiie (15) 
stated: *^Tlie genus Sporenclonema was first described by Desmazim^es with 
one species, S. easel. This is generally considered congeneric with the so- 
called Oospora lactis (Pres.) Saee. and synonymous with Oospora Crustacea 
(Bull.) Saee.” Unfortunately Sporenclonema easel was not available to 
Snnistine for, had it been, he doubtless w’ould have recognized the characters 
which remove it from Oospora or Oosporoidea, wliieh latter genus he erected 
to receive Oospora lacils^, and treated it in its proper place. Bionrge (3) 
discussed the species in his monograph on tlie genus Peiiicilliuin among the 
species of the section Anomala but did not make a change of name. Thom 
(16) said of this culture: ^‘There is no suggestion of relationship to Penicil- 
lium in this culture.’’ Still more recently Linder ( 10 ), in his revision of 
the genus Oidimn, suggested that his proposed usage of the name Oidiiim 
might clear the way ^Uor accepting Bporendonema of Desinaziere for those 
forms represented by Oldium or Oospora lactis and casei/^ thus continuing 
to include 0. lactis in the same genus with the cheese mold. In the mean- 
time the name Sporendonema had been applied by Oudemans ( 12 ), in 1886 , 
to another species, S. terrestre, by an emendation of Desmazim*es’ description, 
a change accepted bj^ Saceardo ( 14 ) and Lindaii' ( 9 ). Still later, in 1934, 
Ciferri and Eedaelli ( 4 ) and Kedaelli and Ciferri ( 13 ) again emended the 
genus to include certain fungi that were human pathogens. Dodge (7, p. 
198) stated of Oudemans’ fungus: *^It does not seem related to Desmazieres’ 
original species” and that Ciferri and Kedaelli ^Miave used the name for 
wholly unrelated organisms.” 

The question of the name for the red cheese mold, then, becomes a ques- 
tion of the propriety of using Sporendonema or Oospora for this fungus, as 
well as one of the specific name. Oospora as a genus seems questionable 
(8) and certainly has not been considered to have endogenous spores, such 
as are found in the cheese mold. Further, the spores in that fungus are 
thick-w^alled chlaniydospores rather than the tliin-walled arthrospores char- 
acteristic of 0. lactis j a species that has been suggested as congeneric. Hence 
Desmazieres’ name Sporendonema would seem to be the name to retain 
together with his specific name casei which was recognized by Pries. Such 
a procedure would mean a return to the Desmaziere.s’ genus and a discarding 
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of the eiiienclatioiis thereof, and would clearly separate Sporendonema casei 
from Oospora lactis, a fmig'us that is not eongeiierie. 

CONTROL OF THE RED MOLD 

In some curing rooms in which the red mold is Tery conspicuous on the 
cheese surfaceSj it appears to be difficult to control ; at least, the plant opera- 
tors belieue this is the ease and certainly the mold quickly develops on young* 
cheese going into the rooms. In other curing rooms in which the red mold 
has been noted, but in which it has never been conspicuous, the mold appears 
to have been controlled by adequate cleaning of the cheese surfaces through 
scraping or washing. A factor that i^robably is of importance in this gen- 
eral connection is the period the cheese is in a curing room; with short 
curing there apparently is less chance for the mold to become thoroughly 
established in a room than with long curing. 

A number of cheese were dipped in, or painted with, heated petrolatum 
to which calcium propionate and propionic acid had been added, the cheese 
first being dried as completely as possible by exposing them at room tem- 
perature to an electric fan. The mold inhibitors were used in different 
amounts and the petrolatum, which was said to melt at 55° to 58° C., was 
heated to 71°, 88° or 93° C. Considerable difficulty was encountered in 
getting a thin and uniform layer of petrolatum on the cheese and even at 
curing room temperatures the petrolatum remained soft and slipped when 
the cheese were handled. 

The petrolatum tended to limit the surface growth on the cheese and most 
of the conspicuous growth was very near the punch holes which were made 
after the treatment with petrolatum. In general, it appeared that the petro- 
latum offered some interesting possibilities in preventing growth of the red 
mold and other organisms on cheese. However, a type of material which 
would be firmer than the petrolatum at curing rooin temperatures probably 
would be better. 

SUMMARY 

The red mold which develops on the surface of blue cheese in certain 
curing rooms was most easily isolated on a special cheese agar. Apparently 
the logical designation for the mold is 8pore7idonema casei. 

Cov<?riiig blue cheese with petrolatum containing mold inhibitors offers 
some interesting possibilities in preventing growth of the red mold on the 
cheese when the normal cleaning of the cheese does not. 
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OBSERVATIONS ON THE USE OE ROLLER PROCESS SWEET 
CREAM BUTTERMILK POWDER IN ICE CREAM* 


E. L. THOMAS and W. B. COMBS 
Division of Dairy Enshandry, Vniversiiy of Einnesola, 

University Farm, St. Faul, Minn. 

INTRODUCTION 

In recent years, the ice cream indnstiy has used limited quantities of 
condensed and iDomlered sweet cream buttermilk as sources of milk solids-not- 
fat for ice cream. Whitaker (12), in 1936, reviewed the status of the use of 
sweet cream buttermilk in ice cream and considered the interest in this 
product as not being very great at that time. He noted that the ice cream 
manufacturer became interested in the use of the product when the price of 
skimmilk solids was high, or, in some localities, where the supply of sweet 
cream buttermilk was large. The demand for milk solids has been increasing 
at such a rapid pace that today the by-products of the dairy industry are 
being utilized as sources of human food to a much greater extent than ever 
before. In past years, the greater bulk of creamery buttermilk has been 
utilized as animal feed. Attempts are being made, however, to convert 
more of this by-product into channels of human consumption, and there has 
been a marked increase in the supply of this product in response to the sharp 
rise in demand for all forms of milk solids-not-fat. In tliose localities %vhere 
concentrated s’weet cream buttermilk products are available, many ice cream 
manufacturers are turning to these products as supplementar}^ sources 
of milk solids. 

review op literature 

Combs (3) was the first to report on the use of powxlered sweet cream but- 
termilk in ice cream. Prom the results he obtained, using consumer prefer- 
ence tests, it appeared that ice cream which contained sweet cream buttermilk 
powder was considered equal, or slightly superior, to that which contained 
skimmilk powder as tlie source of milk solids-not-fat. 

The use of s-weet cream buttermilk has been found by some investigators 
to improve the wdiipping ability of ice cream mixes containing butter as the 
source of butterfat. Other investigators have reported less favorable 
results. Caulfield and Martin (2) concluded from their studies that there 
was no practical value in using powdered buttermilk as a means of improv- 
ing the whipping ability of ice cream mixes ; however, they observed a slight 

Eeceived for publication Kovember 3, 1943. 

* Taken from data presented in a thesis submitted to tbe Graduate Faculty of tbe 
University of Minnesota by E. L. Thomas in partial fulfillment of the requirements for 
the degree of Master of Science. Scientific Journal Series Paper No. 2115, Minnesota 
Agricultural Experiment Station. 
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improveiiieiit. Traey and Riieiie (9) coiicduded tliat no iiiiproYemeiit in 
wliipping ability resulted when buttermilk was used with butter in ice cream 
mixes, Whitaker (11 j reported a saving* of four minutes in the time required 
to reach the desired overrun when using* buttermilk in a butter mix. The 
iiiaxiiiiiuii overrun obtainable was tilso markedly increased over that of a 
butter and skinimilk control. He also noted that the buttermilk mixes 
showed less fat clumping* than the control, and this phenomenon was 
accompanied with a lower basic viscosity. Whitaker believed that his find- 
ings suggested the presence of a material capable of stabliziiig the fat einul- 
sioii in the mixes containing buttermilk and stated that the material may be 
lecithin. Walts and Dalile (10) condiieted an experiment which paralleled 
that of Whitaker. They found an average saving of two minutes in whip- 
ping time when buttermilk was used along with butter in ice cream mixes, 
as compared witii similar mixes made wuth butter and skimmilk. They 
believed that the failure of butter mixes to wliii) as readily as cream mixes 
may be explained as due to the lack of the lecithiii-x>rotein complex and that 
the presence of this complex in relatively large amounts in the buttermilk 
may have been responsible for the results they obtained. Whitaker (12), 
in a discussion of the advantages of using buttermilk in ice cream called 
attention to its higher butterfat content in comparison with skimmilk, its 
superior einiilsifyiiig properties, and its ability to impart a rich creamy 
flavor. 

EXPERIMENTAL METHODS 

The data included in this report ^vere obtained from studies dealing with 
the use of roller process sweet cream buttermilk powder as the additional 
source of milk solids-not-fat for ice cream. The experiments were conducted 
nil a comparative basis and roller process skimmilk powder was used as the 
additional source of milk solids-not-fat for all control ice creams. 

Method of obtaining the 'huttemiil'k and skimmilk iwoducts. Arrange- 
ments were made with a nearby Twdii City plant to secure skimmilk and ra^v 
sw^eet cream which had been obtained from the separation of a single vat of 
mixed whole milk of high quality. The skimmilk was flash pasteurized at 
about 165° F. prior to its shipment. The cream was standardized to the de- 
^sired butterfat content with a portion of the skimmilk from the same separa- 
tion and was then pasteurized at 165° F. for 30 minutes, cooled to 40° F., and 
held overnight at this temperature before churning. A standard churning 
procedure was employed, and the buttermilk was recovered as soon as the 
butter granules w*ere of proper size. 

The skimmilk and sweet cream buttermilk w^ere dried on a ‘^Biiflovak’' 
atmospheric drum drier at the University of Minnesota creamery. In each 
trial, the fluid products were preheated to 155° F. before drjdng and were 
not precondeiised. The operation of the drier wms standardized before 
collecting the powxler samples by first drying at least 200 pounds of the 



BUTTERMILK POWDER IN ICE CREAM 


421 


fluid skinimilk. After collecting the samples of powdered skimmilk, the 
buttermilk was dried imniediatelT without interruiiting the operation of the 
drier in order that both products could be obtained under similar operating 
conditions. xVll powders were analyzed for moisture, biitterf at, and titratable 
acidity before use in ice cream mixes. 

Method of processing and freezing the ice cream mixes. Eighty-fiTe- 
pound mixes were prepared which had the following composition: 12.0 per 
cent butterfat, 11.0 per cent milk solids-not-fat, 15.0 per cent cane sugar, 0.30 
to 0.35 per cent 225 Bloom gelatin, and 38.30 to 38.35 per cent total solids. 
All mixes were pasteurized at 160° F. for 30 minutes. The mixes were homog- 
enized at the pasteurization temperature in a two-stage Colony homogenizer 
at pressures of 2,500 pounds and 500 pounds on the first and second stages, 
respectiA’ely. They were conducted directly from the homogenizer to a 
direct-expansion surface cooler and cooled to between 36° and 40° P. They 
were then aged at a temperature of 40° P. for a period of from 18 to 24 hours 
before freezing. 

All mixes were frozen in a Creamery Package direct-expansion, batch 
freezer 'vyhich had a capacity of 40 quarts. The batches were weighed ac- 
curately before being placed in the freezer and equal portions were i^repared 
for freezing. Pure vanilla extract was added at the rate of 4 ounces per 
40-pound batch. 

Extreme care was taken to secure uniform freezing conditions when freez- 
ing a series of mixes in order that comparative freezing and whipping data 
could be obtained. A xirelimiiiary batch of mix w’as always frozen to chill 
the freezer and to standardize operating conditions. The time of freezing 
was standardized and was held constant for each series of mixes. All sam- 
ples of ice cream used for meltdowm tests and scoring were taken at an over- 
run of 90 per cent and placed immediately in a hardening room maintained 
at about - 10° P. 

Methods of testing the ice mixes and ice cream. The total solids content 
was determined on all ice cream mixes according to the method outlined by 
Mojomiier and Troy (5). 

The titratable acidity w^as determined on duplicate samples of each ice 
cream mix within 18 hours after processing. A 9-gram sample of undiluted 
mix was titrated with N/'IO sodium hydroxide using phenolphthalein as the 
indicator. The acidity wms calculated as per cent lactic acid. 

The pH of the mixes was determined with a Coleman Model 3 Elec- 
trometer. 

The original, apparent, and basic viscosities were determined on all 
mixes. The original viscosity was determined on a sample of the fresh 
mix immediately after cooling. The apparent and basic viscosities were 
those of the aged mix after an aging period of about 18 hours. A sample 
of unagitated mix was used for the apparent viscosity measurements, whereas 
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tlie basic viscosity was that of a sample of tlie aged mix after it had been 
passed tiiroiigli a band emulsifier operated at the rate of 78 strokes per 
minute, according to the method of Penezek and Dahlberg (6). The vis- 
cosities were determined with an Improved MacMichael viscosimeter oper- 
ated at 20 revolutions per minute and using a standard disc plunger sus- 
pended by a number 31 wire. The wire was calibrated with a 60 per cent 
sucrose solution and all readings were converted to viscosity in centipoises. 
All viscosity readings were taken at a temperature of 40° P., and the opera- 
tions were conducted in a room maintained at about 40° F. 

All overrun determinations were made at the freezer by the use of a 
Mojonnier Overrun Tester. The tester wms accurately calibrated for each 
batch of mix immediately before freezing. 

A general indication of whipping ability was secured for all ice cream 
mixes by cheeking the time required to whip to an overrun of 90 per cent. 
In each ease duplicate batches were frozen for an extended whipping ability 
test. The frozen mix was allowed to whii^ until the maximum overrun had 
been reached and the overrun and temperature of the ice cream were deter- 
mind at one-minute intervals throughout the whipping process. Tem|)era- 
tures were determined with a sub-zero centigrade thermometer graduated in 
O.l-degree divisions. The temperature in each case was estimated to the 
nearest 0.05 degree and ail centigrade readings v’ere converted to degrees 
Fahrenheit. 

During one trial, Draw^-Rite readings \vere recorded at minute intervals 
during the freezing and whipping of each mix and coineidently with each 
overrun determination. It was believed that since Draw-Rite readings serve 
as an indication of the consistency of the ice cream in the freezer, it would be 
possible to utilize these readings in comparing the consistencies of the ice 
cream throughout the freezing process. 

The melting properties of the ice cream were determined by allowing a 
pint sample of ice cream to melt at room temx^erature. The ice cream (a 
weighed sample) was placed on a wire screen which had been placed over 
a glass funnel, and the drippings were collected in a beaker. The weight of 
drainage was determined at regular intervals until melting was nearly 
complete. 

The ice creams were scored for flavor and body and texture by two 
experienced judges of dairy products. The age of the sample at each scor- 
ing was recorded along with the scores and criticisms. 

RESULTS 

Representative data from three experiments are included in this report. 
For purposes of discussion these experiments will be referred to as trials A, 
B, and C. 
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Trial JL. For trial A, a series of four mixes was designed as follows: 


Mix numher 

1 (control) 

2 

3 (control) 

4 


Source of hiiiterfat 

cream 

cream 

imsalted butter 
iiiisalted butter 


Souree of additional millc 
solids-not-fat 
R.P.* skimmilk powder 
R.P. sweet cream buttermilk powder 
R.P. skimmilk powder 
E.P. sweet cream buttermilk powder 


“Roller process. 

The skimmilk and buttermilk powdex*s were derived from the same lot of' 
whole milk and supplied in each ease about 46 per cent of the milk solids- 



PiG. 1. The effect of roller process sweet cream buttermilk powder on the whipping 
ability of ice cream mixes containing cream and butter as sourc?es of butterfat. 


iiot-fat in the mix. Duplicate batches of each mix were frozen, and one 
batch was drawn at an overrun of 90 per cent, whereas the other batch 
was allowed to whip to the maximum overrun in order to obtain whipping 
ability data. The data obtained from the trial are presented in table 1 and 
figure 1. There tvere no marked differences among the viscosities of either 
the fresh or aged mixes in this trial. The most marked difference was evi- 
dent in the rates of whipping of the mixes in the freezer. In each comparison 
(table 1) the mix which contained buttermilk powder attained an overrun 
of 90 per cent more rapidly than the skimmilk powder control, resulting 
ill a saving in time of from about 2 to 3 minutes. In each case, it will be 
noted that the ice cream which contained buttermilk powder was drawn from 
the freezer at a lower temperature than the 'Control. A more complete 
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picture of the wliippiiig ability of tlie mixes is presented in figure 1. It will 
be noted that there was an initial “lag’’ in the rate of OTerriin development 
in tlie early stages of whipping for eacli of the buttermilk mixes. The great- 
est maxiimiiii overrun was attained in the cream and skimmilk powder mix. 
In each case, the ice cream which contained buttermilk powder w^as firmer 

TABLE 1 


Trial A. — The effect of sweet cream 'buttermilk powder upon certain properties of ice 
cream mUes and ice cream containing cither cream or butter 
as the source of biitterfat 




Mrs 


Properties of iee cream mix 

1 

2 

3 

4 

Cream and 
skimmilk 
powder 

Cream and 
buttermilk 
powder 

Butter and 
skimmilk 
powder 

Butter and 
buttermilk 
l^owder 

Titratable acidity (%) 

0.190 

0.190 

0.195 

0.195 

pH 

6.31 

6.31 

6.32 

6.31 

Original Tiscosity (centipoises) 

34.5 

35.5 

34.8 

35.3 

Apparent viscosity (centipoises") .... 

179.0 

144.0 

147.5 

155.0 

Basic viscosity (centipoises) 

55.3 

45.3 

48.5 

49.5 

Breezing time (min.: see.) 

2; 0 

2: 0 

2: 0 

2: 0 

Whipping time (min.; sec.) 

7 : 5 

4; 16 

6: 55 

4: 51 

Final overrun (%) 

90.0 

90.0 

90.0 

90.0 

Temperature when drawn F.) 

24.44 

23.81 

24.44 

23.99 

Condition when drawn 

SI. soft, 

Very firm, 

SI. soft, 

Firm, 


wet 

dry 

wet 

si. wet 

Melting properties at F. 

Per cent drainage 




After 60 minutes ^ 

23.6 

25.3 

29.7 

25.4 

^ ‘ 90 minutes 

56.8 

57.0 

63.9 

54.7 

^ 120 minutes 

74.2 

77.7 

84.3 

76.6 

Appearance of meltdown 

1 Coarse 
foam 

Fine foam 

Coarse 

foam 

Fine foam 

Flavor scores and criticisms 





After one week 

1 39.0 

3S.5 

39.0 

38.0 


1 Lacks 

Lacks 

Lacks 

Lacks 


i freshness, 

1 si. cooked 

' freshness 

freshness, 
si. cooked 

freshness 

After four weeks 

38.0 1 

38.0 

38.0 

38.0 


Stale 

Stale 

Stale 

Stale 

Bodp and texture scores and 
criticisms 





After one week 

28.0 

29.0 I 

28.0 

29.0 


Coarse 

SI. coarse 

Coarse 

SL coarse 

After four weeks 

28.0 

28.5 

28.0 

28.5 


Coarse 

Coarse 

1 

Coarse 

Coarse 


and drier in appearance when drawn from the freezer than the control. 
The results of the meltdown tests indicate that there were no marked differ- 
ences in the rates of drainage from the melting samples. All samples were 
foamy, but the foam from the samples which contained buttermilk powder 
was noticeably finer in structure and more stable than that of the controls. 
The initial flavor scores of the ice cream samples which contained butter- 



BUTTERMILK POWDER IX ICE CREAM 


425 


milk powder w^ere slightly less than the controls, but no differences were 
apparent after four weeks in storage. A cooked flavor was initially present 
in the samples W'hieh contained skimmilk powder, but this flavor was not 
detected in the other samples. The buttermilk ice creams were judged better 
in body and texture than the controls at both the initial and final scorings. 

Trial B. It has been conclusively demonstrated by various investigators 
(1, 4, 7, 8) that as the biitterfat content of the cream churned is increased 
there is an increase in the phospholipid content of the resulting buttermilk. 
Trial B was therefore designed to determine the influence of variations in the 
phospholipid content of sweet cream buttermilk powders upon the properties 
of ice cream mixes and the frozen i)roducts. Holler process sweet cream but- 
termilk powders w^ere prepared from buttermilks obtained by the churning 
of three lots of sweet cream which contained 25,. 33, and 40 per cent hntterfat, 
respectively. The lo'wer testing creams were obtained by standardizing 
portions of a single lot of 40 per cent cream with skimmilk from the same 
separation. A quantity of the skimmilk was dried for use in the control 
mixes. Four ice cream mixes were prepared from cream, skimmilk, and 
either skimmilk or buttermilk powder as follows: 

Mix nuniber Source of additional milk solids-not-fat 

1 (control) E.P.* skimmilk powder 

2 R.P. buttermilk powder from 25 per cent cream 

3 E.P. buttermilk powder from 33 per cent cream 

4 E.P. buttermilk powder from 40 per cent cream 

* Boiler process. 

The data obtained from one set of mixes are presented in table 2, and the 
results of the whipping ability tests obtained from the freezing of duplicate 
batches are illustrated in figures 2 and 3. As shown in the table, the original, 
apparent, and basic viscosities were quite uniform for the entire series of 
mixes. Every mix which contained sweet cream buttermilk attained the 
desired overrun of 90 per cent in approximately 2 minutes less time than the 
control. All examination of the overrun-time curves of figure 2 reveals that 
the mixes attained practically the same maximum overrun. An initial lag 
in the overrun curves of the buttermilk mixes is clearly evident. The 
overrun-temperature relationships for each of the mixes are illustrated 
in figure 3. It is evident that the overruns of the mixes which contained 
sweet cream buttermilk powder were attained at a lower temepratnre than 
the control throughout the major part of the w^hipping process. As ^vas 
found true in other trials, the freshly drawn ice creams which contained 
buttermilk powder were firmer and drier in appearance than the ice cream 
■whieii eontaiiied skimmilk powder. The melting properties, flavor scores, 
and body and texture scores of the ice cream samples were quite uniform. 
The foam from the melting samples which contained buttermilk powder was 
finer in structure and more stable than that of the control sample. A cooked 
flavor was noted in the control sample but 'was absent in all other samples. 
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TIME IN MINUTES 


Fig. 2. The effect of roller process sweet cream buttermilk x^owders derived from 
creams of various butterfat contents on the wliipping ability of ice cream mixes contain- 
ing cream as the source of butterfat. 
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Fig. 3. The effect of roller process sweet cream buttermilk powders derived from 
creams of various butterfat contents on the overrun- temperature relationship of ice cream 
mixes. 
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Trial C. Trial C was eonclucteci in exactly the same manner as trial B 
with the exception that butter was used as the source of butterf at instead of 
cream. The data presented in table 3 show that the results obtained prac- 
tically paralleled those obtained in the previous trial. The viscosity data 
were more irregular, but the differences were not considered significant. It 
will be noted that the drainage from the melting ice cream samples which con- 

TABLE 2 


TrmI B. — The effect of sweet cream huttermiUc powders derived from creams of variotis 
h utter fat contents upon certain properties of ice cream and ice cream 
containing cream as the source of hutterfat 




Mix 


Properties of ice cream iiiix 

1 

2 

3 

4 

Skimmilk 

powder 

Buttermilk 

powder* 

Buttermilk 
powder t 

Buttei*milk 
powder t 

Titratable aeiditv (%) 

0.190 

0.185 

0.185 

0.190 

pH 

6.42 

6.41 

6.42 

6.42 

Original viscosity (centipoi&es) . .. 

42.5 

44.0 

43.3 

44.0 

Apparent viscosity (ccntipoises) .. .. 

127.5 

122.0 

122.3 

116.5 

Basic viscosity (eenti poises) 

44.3 

47.0 

45.0 

45.5 

Freezing time (min. : sec.) 

2: 0 

2: 0 

2; 0 

2: 0 

Whipping time (min.: see.) 

7: 40 

5: 55 

5: 50 

5: 26 

Final overrun ( % ) 

90.0 

90.0 

90.0 

90.0 

Temperature -when drawn (" F.) . . 

24.62 

24.35 

24.26 

24.26 

Condition when drawn 

Firm, 
si. wet 

Firm, 
mod. dry 

Firm, 
mod. drv 

Very firm, 
mod. dry 

Melting properties at 73"^ F. 

Per cent drainage 



After dOmintnes 

19.4 

20.1 

21.7 

19.2 

^ ^ 90 minutes 

49.6 

50.0 

51.8 

47.6 

120 minutes 

69.4 

71.3 

73.1 

71.7 

Appearance of meltdown 

Coarse 

foam 

Fine foam 

Fine foam 

Fine foam 

Flavor scores and criticisms 





After three clavs 1 

40.0 

Cooked 

40.0 

i 

40.0 

40.0 

After three weeks 1 

40.0 

Cooked 

40.0 

40.0 

40.0 

Body and texture scores a) id 
criticisms 





After three days 

29.0 

SL coarse 

29,0 

SI. coarse 

29.0 

SL eloarse 

29.0 

SL coar.se 

After three weeks 

28.5 

Coarse 

28.5 

Coarse 

28.5 

Coarse 

28.5 

Coarse 


* Derived from 25 per cent cream, 
t Derived from 35 per cent cream, 
t Derived from 40 per cent cream. 


tallied bntteriiiilk powder tended to take place at a slower rate than that 
of the control. The overrun curves presented in figure 4 show that the 
greatest iiiaxiniiim overrun was attained in the control mix. The differences 
in rate of overrun development were not as pronounced as in trial B, but 
otherwise the same general relationships existed. The overrun-temperature 
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Fig. 4. The effect of roller process sweet cream buttermilk powders derived from 
creams of various butterfat contents on the whipping ability of ice cream mixes containing 
butter as the source of butterfat. 
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Fig. 5. The effect of roller process sweet cream buttermilk powders derived from 
creams of various butterfat contents on the overrun-temperature relationship of ice cream 
mixes containing butter as the source of butterfat. 
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relationships, illustrated in figure 5, show that the capacity to overrun at a 
given temperature was greater for the mixes which contained buttermilk 
powder than for the control throughout that part of the whipping process 
where a straight-line relationship existed. The use of Draw-Eite readings 
ill eoniparing the consistencies of the ice creams throughout the freezing 
process served as evidence that each of the ice creams which contained sw^eet 
cream buttermilk powder was greater in consistency than the control 
throughout the major portion of the whipping period. The results are 
illustrated in figure 6. 
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Fig. 6. The effect of roller process sweet cream buttermilk powders upon the con- 
sistency of ice cream mixes during the whipping p>rocess as measured by Draw'-Rite 
readings. 


SUMMARY 

Experiments were conducted to determine the influence of roller x3roc.ess 
sweet cream buttermilk powder upon the ]>i'operties of ice cream mixes and 
ice cream. The buttermilk product was used as the additional source of milk 
soiids-not-fat for ice cream and the corresponding skimmilk product was 
used in the same manner in control mixes. In every comparison, the sweet 
cream buttermilk and skimmilk products- were both derived from the same 
lot of mixed whole milk. 

There were no consistent or marked differences in the viscosities of the ice 
cream mixes which could be attributed to any single factor. 
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TABLE 3 


Trial C . — TJie effect of sweet cream hnttermiUc powders derived from creams of various 
hutterfat contents itpoii certain properties of ice cream mixes and ice 
cream containing 'butter as the source of butterfat 




Mix 


Piox)erties of ice cream mix 

1 

2 

3 

4 

Skimmilk 

powder 

Buttermilk 

powder* 

Buttermilk 

powder! 

Butterinilk 

powder! 

Titratable aeiditv (%) 

0.200 

0.190 

0.190 

0.190 

pH 

6.35 

6.33 

6.34 

6.34 

Original viscosity (eentipoises j .... 

42.5 

40.S 

40.0 

39.3 

AXU^areiit viseositv {'centipoises") 

133.0 

160.5 

118.5 

105.5 

Basic viscositv (centipoises) 

52.0 

45.0 

44.0 

40.5 

Freezing time (min.: sec.) 

2:0 

2 : 0 

2: 0 

2: 0 

WMpping time (min.: sec.) 

8: 10 

6 : 45 

6: 46 

6: 0 

Final overrun (%) 

90.0 

90.0 

90.0 

90.0 

Temperature wlien drawn F.) . . 

24.62 

24.17 

24.0S 

23.99 

Condition when drawn 

SI. soft, 

Mod. linn, 

Terr firm, 

Very firm. 


wet 

mod. drv 

dry 

dry ■ 

Melting properties at 7S^ F, 

Per cent drainage 




After 60 minutes 

' 43.4 

34.1 

32.8 

; 38.1 

^ ^ 90 minutes 

1 72.3 

61.8 

59.9 

61.9 

‘ ^ 120 minutes 

92.4 

85.5 i 

84.2 

84.6 

Appearance of meltdown 

Coarse 

foam 

! Fine foam ; 

1 : 

Fine foam 

Fine foam 

Flavor scores and criticisms 





After four days 

39.5 

39.5 

39.5 ’ 

39.5 

Lacks 

i Lacks 

Lacks 

Lacks 


freshness, 
j cooked 

j freshnes.s 

1 

freshness 

freshness 

After three weeks 

38.5 

! 39.0 

I' 39.0 

39.0 


SI. cooked, 

Lacks 

1 Lacks 

Lacks 

Bodg and texture scores and 

1 lacks 

1 freshness 

i freshness 

j 

1 freshness 

j freshness 

i 

criticisms 


! 



After four davs 

i 29.0 

j 29.0 

29.0 

1 29.0 


1 SI. coarse 

i SI. coa rse 

1 81. coarse 

1 SI. coarse 

After three tveeks 

28.0 

1 2S.0 

28.0 

28.0 


j Coarse 

} Coa rse 

j Coarse 

Coarse 


* Derived from 25 per cent cream, 
t Derived from 33 x>er cent cream. 
t Derived from 40 per cent cream. 


A consistent iinprovement in the whipping ability of ice cream mixes 
was obtained through the use of roller process sweet cream buttermilk 
pow’der as the additional source of milk solids-not-fat in place of skimmilk 
powder. In most trials, the desired overrun was obtained in one to two 
minutes less time than for the control mixes. The superior whipping ability 
of the mixes wdiieh contained roller process sweet cream buttermilk po-wder 
was further evidenced by the fact that the desired overrun was obtained at 
a lower temperature than that of the controls. Overrun-time curves and 
overrun-temperature curves derived from whipping tests are presented 
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wliicli sliow tliat tlie superior whipping ability of sweet cream buttermilk 
mixes persisted over a wide range of overruns. Tlie maxiniuni overrun 
obtainable was not increased tliroiigb the nse of roller process sweet cream 
buttermilk powder and tended to be somewhat inhibited in butter mixes. 

Ice creams which contained sweet cream buttermilk solids were observed 
to be drier in appearance and greater in consistency when freshly drawn 
from the freezer than control mixes which contained skimmilk solids. 

The melting resistance of the ice creams was not markedly affected by the 
use of sweet cream buttermilk solids. In all comparisons, it was noted that 
the ice creams which contained sweet cream hnttermilk solids were more 
foamy in appearance during melting and that the foam of the filtrate con- 
tained smaller air cells than that of the control samples. 

In many comparisons, the samples of ice cream which contained sweet 
cream buttermilk solids were judged as richer in flavor than the controls 
which contained skimmilk powder. It was further noted that whereas ice 
cream which contained roller process skimmilk powder was often criticized 
for possessing a cooked flavor, this criticism was never employed in evaluat- 
ing the ice creams which contained roller process sweet cream buttermilk 
powder. 

The use of roller process sweet cream buttermilk powders derived from 
buttermilk obtained by the churning of sweet cream testing either 25, 33, or 
40 per cent butterf at was found to influence the ice cream mixes in a similar 
manner. In view of these results, it appears that the normal variations 
in the phospholipid content of buttermilk which result from 'the churning 
of creams within the above range of butterf at eontents liave no significant 
influence upon the properties of either ice cream mixes or ice cream, the 
maximum effect being approached throngh the use of buttermilk from 25 
per cent cream. 

CONCLUSIONS 

The following conclusions are believed justified after a careful analysis 
of all observations relative to the experimental work reported above : 

1. Neither the original viscosity nor the apparent and basic viscosities 
of the aged mix are significantly affected when using roller process sweet 
cream buttermilk powder in place of roller process skimmilk powder as the 
source of additional milk soiids-not-fat for ice cream. 

2. The use of roller process sweet cream buttermilk powder in ice cream 
mixes results in a greater rate of whipping than when using roller process 
skimmilk powder. Usually, 1 to 2 minutes less time is required to obtain a 
normal overrun, and the overrun is attained at a lower temperature. This is 
true when either cream or nnsalted butter is used as the source of butterfat 
for the mix. 

3. The use of roller process sweet cream buttermilk powder in ice cream 
results in a freshly frozen product which is drier in appearance and greater 
in consistency than when the skimmilk product is used. 
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4» Eoller process sweet cream buttermilk powder tends to impart a 
rielier flavor to ice cream tliaii roller x^rocess skimmilk powder. 

5. Tiiere is less tendency toward a cooked flavor in ice, cream containing 
roller process sweet cream buttermilk powder than when containing tbe skim- 
inilk product. 

6, Ice cream containing roller XJrocess sweet cream buttermilk powder 
is characterized by a foamy meltdown, the foam being finer in structure and 
more stable than that of ice cream containing roller process skimmilk 
powder. 
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THE ACTION OP THE MECHANICAL MILKER IN RELATION TO 
COMPLETENESS OP MILKING AND UDDER INJURY^ 

W. E. PETERSEN 

Vniversily of Minnesota, St. Foul, Minnesota 

Aithoiigli many are convinced that mechanical milking can be as good 
or better than hand milking, two major objections to machine milking are 
raised by some. One objection is that the mechanical milker causes injury 
to the teats and udder and the other is a claim that many cows will not milk 
out eoinpletely by the machine, necessitating milking varying* amounts by 
hand. 

The question as to whether or not the meelianieal milker can cause injury 
to the teat and udder is an important one. It is common knowledge that 
trauma to the teat and udder, that is readily detected, is followed by a high 
iiieidenee of clinical mastitis. Evidence is accumulating to indicate that 
trauma to the inner linings of the teat and gland, not detectable by pal- 
pation, may be an important predisposing factor to mastitis infection. 
Ivennedy (3) has reported that by careful daily examinations of the teats 
and udder lie detected trauma in varying degrees before the mastitis organ- 
ism could be found in the milk. 

It is Avell known that some cows do not milk out completely to the 
machine, as it is ordinarily operated. Sometimes as much as 40 per cent or 
more of the milk in the udder is removed by hand milking after removal of 
the machine. It is commonly observed that incomplete milking by the 
machine is more common among older cows than among first-calf heifers. 
It is obvious that much of the advantage of machine milking is lost when it 
becomes necessary to remove varying amounts of milk by hand milking. 

THE PROBLEMS AND METHODS OF STUDY 

Since a search of the literature failed to reveal any reports (except Peter- 
sen, 3) dealing specifically with either of these problems, work was instituted 
with a view of obtaining information toward their solution. Attempts were 
also made to compare the force exei'ted by the mechanical milker with that 
of hand milking. 

To determine the action of the milking machine ui^on the udder a tech- 
nique was developed whereby the excised mammary gland is used. The 
actual rate and completeness of milking by inaehine was ascertained on a 
number of cows by suspending the milking machine from a scale from which 
readings were taken every 20 seconds. 

Receirecl for publication November 11, 1943. 

^ Seieiitiiie Journal Series Paper No. 2124. Minnesota Agricultural Experiment 
Station. 
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The excised udder Avas suspended in the laboratory in approximately the 
normal position, by means of hooks in the median suspensory ligament and 
lateral facia. The gland cisterns were cannnlated with glass cannula Avith 
a bore of 8 mm. or more. Skimmilk or physiological saline Avas then infused 
by graAnty so as to maintain an intra-sinns pressure of approximately 50 
mm. Hg. This is about the pressure deA" elox3ed in the cistern by the let doAvn 
of milk. Skimmilk lias been found more satisfactory than physiological 
saline as the latter aaTII cause Amrying amounts of edema OA'-er a period of 
time. 

Since the tonicity of the sphincter muscles surrounding the meatus of 
the teat is well maintained in the excised gland this preparation lends itself 
Avell to a study of mechanical milldng. ObserA^ations haA^e been made on the 
effect of such A^ariables as pulsation rate, different Amciiiim leA^els, A'ariations 
in size, shape and condition of the rubber inflations and others. Kesiilts of 
these obseiwations Avill be presented in a later paper. 

The most striking suitability of this preparation, liowever, was in the 
study of the action of the milking machine upon the teat and udder. After 
the gland had been filled AAdth fluid through the inserted cannula the position 
of the teat cup on the teat could be obseiwed Avitli Amrying intra-siiiiis pres- 
sures, as could also the rate of milk AvitlidraAval. The rate of inflow was 
regulated by adjustment of screAA^ clamps on the rubber tubing connecting 
the skimmilk or physiological saline reserA^oir Avitli the caiinula in the sinus. 

The action of the mechanical milker upon the inside of the teat and gland 
sinus was obseiwed through incisions made in the lateral wall of the sinus 
or through a 2-mch tube inserted in an incision made perpendicularly over 
the orifice betAA^een the gland sinus and the teat. From the lateral incision 
the action conld be felt by the insertion of a finger and actual measurements 
of the amount of suction dcA^eloped within the teat Avere made by means of a 
A^aeuiim gauge. 

The force or ‘^hiiassage’’ action of the collapse of the rubber inflation 
upon the teat upon relea>se of vacuum in the teat cup shell Avas also measured 
by the insertion of a small rubber bulb, attached to a manometer, into tlie 
teat sinus. 

All of the observations reported herein Avere made by the use of double 
action mechanical milkers. 

The measurements of the force applied to the teat in hand milking Avas 
accomplished both on the excised gland and on cov\^s. In the excised gland 
this measurement Avas obtained by inserting a small rubber bulb attached 
to a mercury .manometer into the teat sinus and different experienced milkers 
Avere used. The measurements on coavs were taken AAuth the same instru- 
ment, the rubber bulb being held in the palm of the hand so that pressure 
on the teat aa^ouH cause compression thereof. 

After a number of trials it was found that a rubber bulb of cc. capacity 
Avas the most satisfactory. This size held the minimum amount of mercury 
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needed and at the same time offered less interference to milking’ than larger 
bulbs. The bore of the manometer was such that it held 1 cc. mercury per 
20 iiiehes. 

RESULTS 

"VVlien the intra-gland sinus pressure remained constant in the excised 
gland the rate of milk withdrawal by the machine was constant for any given 
vacuum. lYitli reduced intra-gland sinus pressures, the effect upon the rate 
of milk withdrawal varied with different glands. In some cases the rate of 
milk withdrawal began decreasing with a drop to 30 mm. Hg pressure and 
in others no detectable change was noted, until the intra-sinns pressure 
dropped to 10 mm. Hg or less. At the time that the rate of milk withdrawal 
began to decline the teat cups were noted to crawl upwards (C, fig. 1) with 
each vacuum stroke. The rates of crawling and decrease in milk withdrawal 
varied with different glands. In general it was noted that the rate ol decline 
of milk withdrawal was more rapid when the crawling was also more rapid. 



Fig. 1. Illustration of the action of the meehaiiical milker upon the teat. A. Vaeuuni 
applied in teat cup shell when the gland is full of milk. The teat meatus is opened and 
milk streams through it. B. Release of vacuum in the teat cup shell. The teat meatus is 
closed and a part of the milk in the teat sinus is forced hack as a result of compression of 
the teat caused by the collapse of the inflation liner. 0. Teat cup lias crawled upward. 
The orifice between the gland and teat sinus is clo.sed preventing passage of milk into 
the teat. 

In 12 out' of 14 eases the milk flow stopped before the gland was com- 
pletely evacuated even though the machine was left attached. In all cases 
the gland was completely evacuated when the teat cups ivere pulled down 
part way on the teat. Once the teat cups had been permitted to crawl 
upward to a point where milk withdrawal had stopped it was necessary to 
increase the intra-gland sinus pressure by inflow of fluid to a point greater 
than that which would prevent the teat enp from crawling before milk with- 
drawal would again begin without a downward pull on the teat cups. While 
these values varied for different glands rei:)resentative values lie between 
10 and 20 inm. Hg greater pressure required to resume milk flow than is^ 
necessary to prevent the teat cups from crawling. 
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Tlie reason for tlie teat eiips crawling and the nltiniate complete stoppage 
of milk witlidrawal when the intra-siniis pressure is sufficiently reduced is 
seen through an incision through the sinus wall. By inserting the finger 
it was possible to ascertain that when the intra-gland sinus pressures were 
sufficiently high the orifice between this sinus and that of the teat remained 
wide open at all times as illustrated in A and B in figure 1. Under these 
conditions there is no restriction to the milk flow downward throiigh the teat 
meatus upon the application of Yaciiiim. It could also be felt that upon 
release from Yacuum a small but definite spurt of milk flowed from the teat 
into the gland sinus as the result of compression of the rubber inflation upon 
the teat (B, fig. 1). 

"When the teat cups began to crawl upward as the result of reduced intra- 
gland sinus pressures the orifice could be felt to close. In most eases eYen 
tlioiigli the gland sinus was filled with milk the cdosure was complete. In 
fiYe instances free incisions Y'ere made so that the gland sinus communicated 
Yuth the atiiiospliere without any air being draYui into the teat. If after the 
orifice between the gland and teat sinus is closed the teat cup is loY^ered part 
way down on the teat it was again opened. 

Through the tube inserted perpendicularly through the gland the action 
of the pulsations on the tissues could be obserYed. It ^ras noted that with 
each Yacuum stroke the soft tissues siirroundihg the juncture of the gland 
and teat sinus were not only brought forcibly together but were also vigor- 
ously forced doYiiward. 

No detectable Yacuum is developed in the teat as the result of milking 
machine action until there is partial closure of the orifice between the gland 
sinus and the teat. When tlie orifice is completely closed the vacuum vltliin 
the teat sinus is the same as that in the milk line. With each release of 
vacuum in the shell of the teat cups the vaeuiim disappears within the teat 
because of the collapse of the rubber inflation compressing the teat. 

It is difficult to obtain accurate measurements of the force exerted upon 
the teat by the collapse of the rubber inflation caused by the release from 
vacuum in the teat cup shell. The hammer-like force of the collapse has a 
tendency to cause the mercury, in the ease of the mercury manometer, or the 
needle in the case of an air pressure gauge to overshoot. The values as ob- 
served are therefore only approximate. That there is a definite massaging 
action is certain. The approxinicite force is from 25 to 60 mm. Hg. Vari- 
ations in the amount of force exerted were observed between different infla- 
tions of the same type, the reasons for which are obscure. 

In a subsequent report factors affecting the speed of milking wiU be dealt 
Avith in more detail. Here will be presented only those observations on milk- 
ing by machine that contribute directly to the action of the machine. In 
figure 2 is presented the results of milking a cow, first Avith the macMne left 
on until no more milk was obtained, then folloAved by hand milking and 
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secondly, ^vlien tlie teat cups Mere drawn jiart way down at the time tlie rate 
of withdrawal began to decrease. It will be noted that the rate of milk 
withdrawal was constant for the first 2 minutes after which it decreased 
rapidly, with no manipiilatioii of the machine, stopping completely in about 
4i minutes. After remoyal of the machine 2.1 pounds of milk were obtained 

hand milking. AYheii the teat cups were pulled partly down on the teats 
the rate of withdrawal did not begin to decrease until after 2 minutes, 40 
seconds, and the gland wms completely emptied without hand milking in 
3 minutes. 

Without going into detail it must be stated that great variation exists 
between different cow^s in the type of curve presented by plotting rates of 



Fig. 2. Illustration of tlie effect of tugging upon tlie teat cups, when they begin to 
crawl, upon the rate and completeness of milking. 

milk withdrawal by machine. So far, however, no cow in the University 
herd cannot be completely milked out by machine. For the majority of cows 
it is necessary to draw' the teat cups downward to effect a complete evacu- 
ation of all of the milk in the gland. 

The attempts at determining the force exerted upon the teat in hand 
milking was found to be difficult and not too satisfactory. The presence of 
the rubber bulb either in the teat sinus, in the excised gland, or in the palm 
of the hand in natural milking undoubtedly contributed to changes in the 
force applied. The inertia of the mercury is another factor contributing 
to error in the results that must not be overlooked. The values observed, 
therefore, must not be taken as absolute but merely indicative of the force 
exerted. 
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Measurements taken on four milkers varied from 16 indies to 24 indies 
of Hg pressure on tlie same eov’. One fast milker exerted as niiudi as 32 
indies of Hg pressure in milking a liard-milking* eow. 

DISCUSSION OP RESULTS 

The observations on the ciction of the mechanical milker upon the teat 
and udder in relation to varying intra-gland sinus pressures explains the 
observed curve characteristics when the rate of milk withdrawal is plotted. 
It is also in accordance with w^hat W’ould be expected on the basis of knowui 
physical hws. As all of the observations repoi'ted herein w-ere made on the 
double action inediaiiieal milker there is a continuous vacuum on the milk 
tube and alternate vacuum and release in the teat cup shell. The applica- 
tion of vaciiuni in the teat cup shell draws the rubber inflations towuird the 
teat eiiii -walls, permitting the full force of the eontiiiuoiis vaciiiiia in the 
milk line to act upon the teat. Since this force is exerted equally iu all 
directions, there is a tendency for the teat to he pulled dowui into the teat 
cup. This pulling dowui of the teat and louver part of the udder is inhibited 
by tw’O other factors — the rigidity of the tissues as a result of the pressure 
of the milk 'within the gland and a partial displacement of the void by the 
outriishing milk through the meatus. 

As milk wuthdraw^al progresses the iiitra-glandular pressure is reduced 
and the tissues offer less resistance to the sucking action and are thus drawn 
farther into the teat eiip. As the tissues at the juncture of the teat and 
gland sinuses are draw’ii into the teat cup the orifice betAveeii the becomes 
occluded and further flow* of milk from the gland is first decreased and 
finally completely stopped. When this occurs it is obvious that the full 
force of the vacuum is applied to the drawing in of the teat and lower part 
of the udder. Since the teat meatus is opened it is to be expected, as w^as 
found, that the vaeiuim w'ithin the teat is identical w'ith that in the milk line. 

In comparing the force of mechanical and hand milking it is significant 
that normal good hand milkers exert a greater force upon the teat than does 
meeliaiiical milking with the usual vacuum. Also that the force exerted in 
hand milking is continuous throughout the entire milking process while in 
mechanical milking there is no measurable force exerted on the inside of 
the teat until tlie rate of milk withdrawal is reduced or completely stopped. 
It is possible that inechaiiieai milking may have a greater traumatizing effect 
because of a somewhat shearing, action than the straight compression action 
of hand milking. However, it is possible to so manage milking by machine, 
by removing it when free flow' of milk ceases, that less injurious action will 
result to the teat and udder than with hand milking. On the other hand, 
if the machine is left on for prolonged periods after milk ceases to flow it 
can be injurious. 

A well-established but little-recognized anatomical fact is the location of 
accessory secreting glands (4) in the gland sinus and in the upper part of 
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the teat sinus. These accessory glands have but a single layer of columnar 
epithelial cells as contrasted to the two layers of pavement epithelium lining 
the major portion of the teat sinus and are therefore more easily injured. 
The greatest compression in hand minting, particularly, in stripping and 
the most vigorous action of the milking machine is on this vulnerable area. 

Upon the release from vacuum the rubber inflation collapses to mildly 
compress the teat and thus help prevent congestion. Before the teat is com- 
pressed the meatus closes leaving the teat sinus full of milk. Any further 
compression on the teat causes milk to be forced upward into the gland sinus. 
Since the compression of the teat is not complete not all of the milk in the 
teat sinus is forced back, 

Yariations in the point at which the teat cups begin crawling and in the 
amounts of milk left in the gland after milk withdrawal (without force 
applied to the teat cups) can tentatively be explained on an anatomical basis. 
Yliere the anatomical structure is such as to offer greater resistance to being 
drawn into the teat enp it is obvious that milking will be more complete 
before there is oeelusioii between the teat and gland sinuses. Great differ- 
ences have been observed in the extent of the annular ring at the juncture 
of the teat with the gland sinus. In some eases this amiiilar ring may extend 
more than half way across the oriflee from one side to conceivably help cause 
an earlier occlusion during milking. 

The observation that once the teat cups have crawled upwards to occlude 
passage from the gland sinus to the teat considerable increase in intra-gland 
sinus pmssure is needed to again resume milk withdrawal explains in part 
why more rapid milking is obtained when the cow has been stimulated to let 
down milk before milking. Another factor is that unless let down has taken 
place the gland sinuses are einxitied and the machine is acting for varying 
lengths of time without removing any milk before they are again filled. Ely 
and Petersen (1) reported that about 45 seconds inteiwened between the 
secretion of the hormone responsible for the let down of milk and the actual 
let down. In practice, therefore, it is suggested that the stimulation for the 
let down should take place about one minute before attaching the mechanical 
milker. 

SUMMARY and CONCLUSIONS 

1. A technique is described whereby the excised udder may be used in 
the study of milking by mechanical means and results of observations of the 
action of the mechanical milker on both excised and intact glands are 
reported. 

2. When milk flows freely from the gland sinus into the teat there is no 
detectable vacuum created -within the teat sinus. 

3. When the intra-glandnlar pressure is sufficiently reduced the tissues 
become more flaccid and the teat cups crawl upward to cause a complete 
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closure of the orifice between the teat and giand sinuses. This fact accounts 
for the reported incomplete milking of some cows by machine. 

4. Tugging upon the teat cups, when they begin to crawl, with sufficient 
force to bring them part way down on the teats wull prevent closure of the 
passage and permits complete evacnatiou of all of the milk in the gland 
without resorting to hand milking. 

5. When the teat cups have crawled upward to close the passage from the 
gland sinus to the teat the vacuum within the teat becomes identical to that 
in the milk line. It is postulated that this will have a traumatizing action 
upon the tissues being compressed. Attention is directed to the location of 
accessory secreting glands in the gland sinus and often in the upper part 
of the teat sinus. These are easily injured which predisposes to mastitis. 

6. Good hand milkers apply a greater force to the teat with each squeeze 
than does the milking machine at ordinary recommended vacuums. 

7. Observations of the action of the milking machine upon the teat and 
udder explains why milking speed is increased by stimulating the cow to let 
down milk before the milking is started. 

8. It is concluded that when the mechanical milker is properly operated, 
especially removed as soon as the milk ceases flowing tliere is less danger of 
injnry to the teat and udder than from hand milking. 
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THE EFFECT OF THYROIDECTOMY ON LACTATION 
IN THE BOVINE^ 

A. A. SPIELMAN,* W. E. PETEKSEK and J. B. PITCH 
Dairy Division, University of Minnesota 

Althoiigli the galaetopoietic effect of thyroxine or dried thyroid gland is 
well established, reports on the effects of thj’roideetomy are conflicting. A 
significant decrease in the milk yield of thyroideetoinized goats was reported 
by Grimmer (5) and Trantman (14), while Hibbs et al. (6) obtained lacta- 
tion for more than a year following thyroidectomy. Nelson and Tobin (11) 
and Nelson (10) have reported obtaining no evidence that lactation in 
thyroprived rats were impaired, while Folley (2) observed marked diminu- 
tion of milk secretion and subnormal subsequent lactations. More recently 
Preheim (12) found only a slight decrease in lactation in the thyroideeto- 
niized rat, while Ivarnofsky (7) reported a marked reduction. For laetating 
cows, Graham (4) observed a slight decrease in milk production following 
thyroidectomy. 

In view, therefore, of the conflicting reports of various workers, investi- 
gations were undertaken to obtain additional information regarding effects 
of thyroidectomy on lactation. 

PROCEDURE 

Four grade Holstein females w^ere selected for experimental subjects. 
Table 1 shows the age and previous history of each animal at the time of 
thyroidectomy. 

TABLE 1 

STperimeyital animals at time of tliyroideetomy 


Animal No. 

Age (months) 

History 

A26 

13 

Virgin 

A23 

16 

46th day, 1st gestation 

A15 

36 

12t]i day, 2nd lactation 

E294 

1 45 

7th day, 2nd lactation 


In order to assure complete removal of the thyroid, exploratory opera- 
tions were performed on A26 and A23 ninety days after the initial opera- 
tion. Autopsy examinations confirmed complete thyroidectomy of E294 and 
revealed incomplete removal from A15. Blood analysis, general appearance 
and behavior also indicated that A15 retained some functional thyroid tissue 
throughout the experimental period. 

Received for publication November 15, 1943. 

* Now Assistant Dairy Husbandman, Washington Agricultural Experiment Station. 

1 Taken from data presented in a thesis to the Graduate Faculty of the University 
of Minnesota by A. A. Spielman in partial fulfillment of the requirements for the degree 
of Doctor of Philosophy. Scientific Journal Series Paper No. 2126. Minnesota Agricnl- 
tiiral Experiment Station. 
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Parathyroid tissue embedded in the thju’oid was imavoidabiy removed . 
hoAvever, the accessory parathyroids 'were left intact. No effort was made 
to determine the extent of the remaining functional parathyroid tissue. 

Environmental factors such as care, management, housing and feeding* 
were iniiiimized to some extent by maintaining the experimental animals 
under the same conditions as the regular dairy herd. 

Daily milk yield was recorded and samples taken for analytical purposes 
at 14 da}" intervals insofar as conditions would permit. These samples were 
anal}’zed for fat, total nitrogen, casein nitrogen, lactose and specific gravity. 

RESULTS 

The effects of ineompiete and complete thyroidectomy on milk }ueld, fat 
yield and milk composition were studied. Data were accumulated on six 
lactations of four cows thyroidectomized at various stages of gestation and 
lactation. 

Incomplete thyroidectomy. As shown in table 1 the thyroid glands were 
partially removed from A15 on the twelfth day of her first lactation period. 



Pig. 1. Daily milk and fat yield of A15 following ineompiete tliyroideetomy on 
12t!i day of first lactation. Second lactation began following abortion on 270th day of 
first lactation. 

It is difficult to draw conclusions regarding the effects of incomplete thyroid, 
ectomy in view of the absence of previous lactations of A15 upon which to 
base a comparison. However, examination of the data presented in figure 
'^i.^reveals a distinct fall in milk production for 35 days following thyroidec- 
toiiiyv followed by a gradual upward trend of the curve of secretion. This 
response is undoubtedly explained, at least in part, by hypertrophy and 
hyperplasia of the remaining thyroid tissue which developed following the 
operation. The influence of thyroid hypertrophy is noticeably absent during 
the second lactation beginning after an abortion on the 270th day of the 
first lactation. 

Milk yield, A comparison of the curves of milk secretion preceding and 
after thyroidectomy of E294, as shown in figure 2, clearly indicates the effects 
of thyroid ablation on milk yield. The point of maximum daily milk pro^ 
diiction was reached about 14 days previous to that of the normal lactation. 
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for tLe subsequent thyroprived lactation, and during periods of thyrotlierapy designated 
l 3 Y . Daily fat yields for prethyroprived lactation unavailable. 

Milk secretion praeticallv ceased after about 110 days while total milk yield 
was I'ednced about 70 fier cent as compared to the previous lactations. 

Milk secretion as affected by tli 3 "roideetomy during pregnancy is pre- 
sented in figure 3. As shown in table 1, cow A23 was thyroideetomized on the 
46th day of her first gestation which was of normal term. Unfortunately, 
two outbreaks of mastitis occurred during the lactation period ; however, the 
general trend of the milk yield curve was not signifieantl.y altered. Daily 
milk production dropped to a low level after about 110 daj^’s and ceased . 
entirely 183 days after parturition. 



Pig. S. Pirst and second lactation milk secretion curves of A23 following tliy- 
roideetomy on 46tli day of iii'st gestation period. 
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Figures 1, 3, and 4 show the eifects on milk secretion produced by removal 
of the thyroid glands before conception. The second lactation of A15 has 
been discussed. As shoAvii in figure 3, A23 began her second lactation. 720 
days after thyroidectomy. A comparison of the second lactation and the 
preceding lactation indicates a higher level of secretion ; however, the general 
trend of the curves is the same. Increased mammary development due to the 
beneficial effects of thyroid hormone or other factors from the developing 
fetus may account, at least in part, for the higher level of secretion observed 
during the second lactation. In this connection it is of interest to point out 
that a marked increase in skeletal growth of A23 was observed during the 
latter half of the preceding gestation period. 

Figure 4 presents the milk secretion curve of A26 beginning 521 days 
after thyroidectomy. The curve of milk secretion is of normal shape; how» 



Fig. 4. Milk secretion curve of A26 beginning 521 days after tliyroideetoray- 

ever, lactation ceased 195 days after parturition. Although it is impossible 
to draw definite conclusions regarding the magnitude of the effects of thy- 
roidectomy without previous knowledge of the producing ability of A26, 
it is significant that mammary development and milk secretion was possible 
some 521 days after thyroid removal. 

Fat yield. The absence of more complete data on the daily production 
of milk fat precludes forming definite conclusions regarding the effects of 
thyroidectomy. It is, however, of interest to point out that based on the 
data obtained, the general trends and variations in fat yield were similar 
to those of milk yield. 

Compositio7i of 7nilk. No significant changes in the lactose, total nitrogen 
and casein nitrogen content or specific gravity of the milk was evident from 
the results of periodical analyses. Values obtained for these constituents 
were all within the range for normal milk. 

THYROTHERAPY 

In view of the uniform decline of milk secretion observed after thyroidec- 
tomy, post-operative replacement therapy, in order to determine whether or 
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not some unknown non-endocrine factor was involved, seemed to be indi- 
cated. 

BiniiroplunoL Dinitrophenol, administered orally to two tliyroidee- 
toiiiizecl cows produced a variable response in milk and fat yield. Oral ad- 
ministration of 5 grams of dinitrophenol per day to A23 for 11 days begin- 
ning on the 78tli day of lactation as indicated in figure 3 failed to evoke a 
response in milk secretion. The response of E294 to dinitrophenol adminis- 
tration was only slightly dissimilar, as shown in figure 2. During the period 
from the 78th day to the 87th day, 28 grams w-ere orally administered pro- 
ducing an increase in milk yield of about four pounds per day. However, 
during the next period from the 89th to the 98th day, when 3.5 grams per 
day were administered, daily milk yield dropped from 16.6 to 9.5 pounds. 
As no calorimeter was available the relationship between metabolic rate, milk 
secretion and dinitrophenol adminstration is not knowm. 

TJiyt'oid. Fresh frozen thyroid glands were obtained from a local abat- 
toir, mixed in a meat chopper, placed in gelatin capsules and administered 
orally. Desiccated thyroid, U.S.P. XI, \vas administered in two instances. 

In order to ascertain whether or not thyroid deficiency was the sole 
limiting factor of maximum daily milk yield, 200 grams of thyroid were 
administered per day to A26 for 15 days beginning on the 23rd day of 
lactation. As indicated in figure 4, the response was negligible. This may 
be partially ascribed to progressive impairment of the normal physiological 
processes resulting in loss of ability to respond to thyroid therapy, as 546 
days had elapsed since thyroidectomy. 

Intei’pretation of results of thyroid therapy in the case of A23, figure 3, 
was complicated due to the presence of chronic mastitis. 

The results of oral administration of fresh thyroid on milk and milk fat 
secretion are strikingly illustrated in figure 2. Fresh thyroid administered 
to B294 during six different periods, beginning on 106, 167, 198, 258, and 
273 days of the lactation period, elicited a decreasing response with each 
trial until the increase in milk and milk fat yield was barely evident. 

lodinafcd casein. Turner (15) lias presented evidence of the lactation- 
stimulating properties of iodinated casein. It was believed the availability 
of thyroicleetoniized cows presented an opportunity for testing the eificacy 
of this preparation. On the basis of response to previous administration of 
fresh thyroid, B294 possessed the ability to yield 12 to 14 pounds of milk 
per day. Oral administration of 3000 grams of iodinated casein over a 
period of 12 days resulted in only a slight increase in milk and milk fat yield. 
However, subsequent oral thyroid thex’apy failed to evoke a response ; there- 
fore, conclusions cannot be drawn regarding the lactation stimulating prop- 
erties of iodinated casein. 

In seeking an explanation for the decreasing response to thyrotherapy, 
progressive involution of the mammary gland with advancing lactation must 
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be eonsiderecl However, other factors may be invoh’-eclj as iiivoliitioia of 
the mammary gland cannot account for the drastic decline and almost com- 
plete cessation of lactation 110 days after calving. Progressive impairment 
of normal physiological processes resulting in loss of ability to respond to 
thyroid therapy apparently occurs with the increasing interval of time 
between tliyroideetoiny and tliei'ap^v 

DISCUSSION 

Investigations on the role of the thyroid in lactation, using small labora- 
tory animals, are hampered by the lack of suitable techniques for measuring* 
milk yield, for mieroaiialysis of milk, and the difficulty of achieving* satis- 
factory and complete operative removal. These factors may partially ac- 
count for the conflicting results of thyroidectomy studies reporteil in the 
] iterature. 

Although control operations were not performed, post-operative recov- 
ery among the experimental animals, as indicated by daily milk yield, was 
uiieveiitful and effected in about four days. 

In view of the recent report of Folley ei al (3) that the failure of lacta- 
tion in rats after thyroidectomy can be considerably alleviated by adminis- 
tration of parathyroid extract, cognizance must be taken of the parathyroids 
in thyroidectomy studies. Information regarding* the location, number, and 
function of the parathyroid glands of the bovine is limited. Fehlaiid (1) 
reported flnding one parathyroid body embedded on the lateral surface of 
each thyroid lobe, and accessory parathyroids scattered along the course of 
the thyroid arteries. Although the amount of functional parathyroid tissue 
removed from or retained by each cow in this study was not determined, tlie 
absence of post-operatAe or partiiritional tetany, characteristic of thyroidec- 
toinized rats, minimizes the importance of parathyroid insnffiideucy as a 
causative factor of decreased lactation. Normal blood (-ab-ium levels ob- 
served throughout the experimental period further substantiates tlie ('on- 
eliision that our cows retained sufficient parathyroid tissue to suffi('e for 
normal calcium metabolism. Restoration of lactation by the administration 
of parathyroid extract to tliyroideetomized cows would lend further proof.” 

Inasmuch as tlie administration of thyroid or dinitrophenol to thyroid- 
intact cows causes increases in fat content of the milk without necessarily 
affecting the quantity of milk, the absence of selective response of either^ 
milk or fat yield to tiiyrotherapy in this study is worthy of comment. The^^ 
results may be explicable on the assumption that the metabolic level was 
lowered to such an extent that both milk and milk fat secretion would benefit 
from exogenous administration, w^hereas in the thyroid-intact auimal selec- 
tive response may occur. In this connection it is significant to point out 
that the milk of the thyroideetomized cows was of normal specific gravity 
and contained normal anioiiiits of lactose, total nitrogen and casein nitrogen. 
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Eesiilts of replacement therapy strongly suggest that lactational failure 
observed in the bovine after thyroidectomy is due to thyroid insufficiency. 
However, the definite pliysiological effects of thyroid insufficiency causing* 
decreased lactation are unknown. Subnormal mammary development in 
animals thyroidectomized a considerable period of time before pregnancy, 
as observed in this study, may be a factor. This observation is, however, 
contrary to those of Leonard and Reece (8) who reported increased mam- 
mary development after thyroid removal. 

Karnofsky (7) and others, noting the changes in the pituitary gland 
after thyroidectomy, have postulated a decreased output of the lactogenic 
hormone as a limiting factor of lactation. McQueen-’Williams (9) found 
that thyroparathyroideetomized male rat pituitaries contained less lactogen 
than normal. However, Reineke et al. (13) report both the lactogenic and 
thyrotropic hormones present in the pituitaries of thyroidectomized male 
kids in normal concentrations. Restoration of lactation to normal in thy- 
roideetomized animals by administration of prolactin would confirm this 
postulation. 

Milk secretion is dependent upon an adequate supply of metabolites from 
the blood. A decreased supply of metabolites may be due to lower levels 
in the blood stream or to a decreased flow of blood through the mammary 
gland. A slight reduction of heart rate in the thyroidectomized cows was 
observed. Reineke and co-workers (13) have suggested a reciprocal rela- 
tionship between the thyroid and pituitary whereby removal of the thyroid 
results in a decrease of the pituitary factors regulating the metabolism of 
sugar, fat, protein, and mineral matter. Only in their presence can large 
amounts of milk be made. Normal levels of blood sugar, total nitrogen, 
calcium, phosphorus, and fat w^ere observed throughout the experimental 
period for the thyroidectomized cows in this study. 

Considerable stress is placed upon general metabolism during lactation. 
Inasmuch as thyroidectomy causes a lowering of metabolic activity this is 
undoubtedly a contributing cause of the rapid decline of milk secretion after 
thyroidectomy. Whether or not thyroidectomy results in a distinct lower- 
ing of metabolic activity of the individual secretory cells of the mammary 
gland remains a moot question. 

SUMMARY 

1. Thyroidectomy performed on cow^s preceding gestation, during preg- 
nancy, and during lactation caused a complete cessation of lactation in about 
180 days. 

2. Total milk and fat yield were reduced about 75 per cent. 

3. Incomplete removal of thyroid gland produced a teipporary decline 
in milk secretion followed by a gradual return to former levels. 

4. Composition of the milk as determined by fat, lactose, nitrogen, and 
specific gravity analyses was not affected. 
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5. Milk and fat yields were restored to former levels by oral administra- 
tion of fresli tliyroid. Decreasing response was observed as tlie lactation 
period progressed. 

6. It is eoiicluded that tiie redaction of lactation after thyroidectomy is 
due mainly to thyroid deficiency. 
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THE EFFECT OF COMPLETE EVACUATION OF THE MAMMAKY 

GLAND BY PITOCIN UPON MILK AND FAT PRODUCTION^ 

C. B. KNODT AND W. E. PETERSEN 
Universitij of Minnesota, St, Paul, Minnesota 

It is generally recognized that incomplete remoTal of the milk from the 
udder over a period of time will cause a decline in lactation. Partial re- 
moval of the milk has been used by many as a means of "^drying off” cows. 
Miller and Petersen (4) observed marked downward trends in the lactation 
curve when cow^s were stimulated to 'Get down” their milk 20 minutes before 
milking began, resulting in incomplete evacuation of the gland. 

While the reason for this effect of incomplete evacuation of the gland is 
speculative at the present it can best be explained by increased intra-alveolar 
pressures created by the retained milk. Petersen and Rigor (5) and Gar- 
rison and Turner (3) showed a decreased rate of milk secretion with in- 
creased pressures. The former observed complete stoppage of milk secre- 
tion when these pressures reached 30 mm. Hg wdiile the latter noted that 40 
mm. Hg pressure was needed to completely stop milk secretion. The in- 
creased milk production observed wdth increased frequency of milking can 
also be explained by the hypothesis that this practice prevents the develop- 
ment of as great pressures or the maintenance of high pressures over as long 
periods of time as does less frequent milking. 

Since it has been established that incomplete evacuation of the udder 
over a period of time will cause a drop in the lactation curve, the question 
arose as to what part natural incomplete emptying of the gland plays in the 
decline of lactation with the advance in lactation. A second question is 
that of the effect upon the lactation curve of cows that are erratic in their 
let down of milk and if incomplete let down of milk might not be the cause 
of the rapid decline in the lactation observed in many eases. 

As the oxytocic prineij)le (2), when injected intravenously, has been 
shown to practically completely evacuate the alveoli, use of this hormone 
following milking enables one to ascertain the amount of milk reinainiiig in 
the gland after a normal milking has been comjjletecl. Complete evacuation 
of the gland at each milking, by use of this hormone, will also make it pos- 
sible to determine tlie effect of this procedure upon the lactation curve. 

EXPERIMENTAL 

To determine the effect of complete evacuation of the gland at each milk- 
ing upon the lactation curve in the declining phase of lactation 5 cows in 
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aclYanced stages of laetatioii Y’ere used. The cows were, mature grade Hol- 
steiiis designated as E 293, E 366, A 12, xil5, and A 30. They were -all 
normal during the period of the experiment. 

The experiment was divided into three periods of fourteen days each. 
For E 293 and A 15, injections were made in the second period and the first 
and third periods seiu'ed as controls. E 366, A 12, and A 30 were injected 
during the first and third periods and the second period served as a coiitrol. 

All cows were milked twice daily at twelve-hour intervals. B 366 was 
milked by hand and the others by machine. In the case of machine milking 
completeness of milking wns cheeked by hand stripping. The milk obtained 
by hand or machine plus any stripping is referred to as normal milk. 

During the injection period 1 ce. Pitoein containing 10 I.IT. of the oxy- 
tocic principle was injected intrajugularly immediately after the completion 
of the normal milking. The milk obtained following the injection, referred 
to ill this experiment as ‘^pitoein” milk, was weighed and analyzed sepa- 
rately. 

In addition to the weights of milk obtained at each milking, lactose (1) 
chloride (6) and fat determinations were made. 

The effect of complete evacuation of the udder by injection of Pitoein 
was studied on three cases that deserve special mention. 

Case 1. A grade first-calf Holstein heifer that apparently did not let 
down her milk. 

Case 2. A purebred Jersey in a nearby herd in the third month of her 
second lactation period, with a short time lactation history that could not be 
explained on a basis of heredity. 

Case 3. A purebred Jersey cow in tbe fourth lactation that was nii- 
usually erratic, in the let dowm of her milk. 

RESULTS AND DISCUSSION 

A summary of the actual milk and fat production and fat percentage by 
periods for both the ^'normaP’ and ‘'pitoein’' milks is presented in table 1. 
It is customary in experiments with the setup used here to calculate the 
effect of the experimentai procedure by comparison of the experimental with 
the control periods. This has been clone in table 1 but caution should be 
registered in accepting those values as representing the absolute effect of 
complete evacuation of the gland by Pitoein because nothing is known about 
the effect of the injections upon subsequent periods and all cows were in the 
declining phase of lactation with no means of knowing what the normal 
slope of the lactation curve would be. With the exception of A 30 the evi- 
dence seems to be in favor of the Pitoein injections causing a greater in- 
crease in production than indicated by the calculations. Because of the 
injections the subsequent control period seems to be at a higher level than 
it would have been normally. It can therefore be said that in every ease 
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the complete evacuation of the udder by Pitoeiu injections causes a signifi- 
cant increase in the amount of milk produced. 

The effect of the Pitocin injections upon the fat percentage is not so 
conclusive although the indications are that this value is also increased. In 
three of the cows there is the significant increase of fat percentage of 0.4 + 
while the decreases are 0.08, in both cases. It is to be noted that the pito- 
cin milks are significantly higher in fat content than the “normal” milks. 
It is also noteworthy that the fat content of the “norinar’ iiiilks during the 
injection periods are significantly lower than for the control periods. 

TABLE 1 

The effect of complete evacuation of the udder hy Pitocin injections. Total niilli and 
milTc fat production and fat percentaoe hy periods of 14 days each. For coinparativei 
purposes the milk production for a fourteen-day period previous to the start of the experi- 
ment was taken from the daily milk records. This is designated Control + 


Cow 

number 

Experi- 

mental 

periods 

Milk ])roducecl during 14-day periods 

Period of in- 
jection as com- 
pared to control 

Normal 

milking 

Pitocin 

milk 

Total 

Milk 

Fat 

Milk 

1 Fat 

Milk 

Fat 

Lbs. 

% fat 



lbs. 

% 

lbs. 

% 

Ihs. 

% 



E 298 

Goiitrol-h 





452.3 





Control 

399.9 

3.29 




399.9 

3.29 




Injection 

320.2 

2.98 

99.7 

6.31 

419.9 

3.77 

-f-62.2 

+ 0.42 


Control 

315.5 

3.41 



315.5 

3.41 



A 15 

Control+ 





435.7 





Control 

386.9 

3.49 



386.9 

3.49 




Injection 

315.0 

2.86 

105.1 

6.68 

420.1 

3.82 

4-45.8 

+ 0.40 


Control 

361.7 

3.35 



361.7 

1 3.35 



E 366 

Control-f 





456.4 





Injection 

363.6 

2.84 

102.0 

7.16 

465.6 

3.79 




Control 

410.2 

3.34 


410.2 

3.34 

4-67.1 

+ 0.43 


Injection 

370.9 

2.54 

118.0 

7.54 

488.9 i 

3.75 



A 30 

Control-f 





245.3 




Injection 

229.0 

3.58 

24.1 

7.68 

253.1 

3.97 




Control 

234.5 

4.06 



234.5 

4.06 

4- 15.0 

- 0.08 


Injection 

217.1 

3.56 

28.7 

7.20 

245.8 

3.99 



A 12 

Controp- 





149.3 




Injection 

68.0 

3.35 

81.0 

7.14 

149.0 

5.41 




Control 

31.7 

5.39 



31.7 

5.39 

+ 59.8 

-0.08 


Injection 

19.9 

3.37 

14.6 

7.81 

33.9 

5.20 




While the production of both milk and fat in the experimental periods 
exceed that of the control periods by significant amounts for E 293, A 15, 
E 366, and A 30 ; for A 12 the production during the experimental period 
only equaled that of the control periods. This can he explained by the fact 
that she was in the last stage of the lactation and the drop in daily produc- 
tion was precipitous when the experiment was started. 

The lactose and chloride contents of the milk were unaffected by Pitocin 
injections. 

To ascertain the effect of Pitocin injections with time the total daily 
milk and fat production for all periods were plotted. For the injection 
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Fig. 1. The effect of complete evacuation of the udder by admiuiatration of Pltocin 
at each milking ux^oii milk and milk fat The average daily milk and milk fat 

is plotted for E 293 and A 15, 

periods the ‘^normar/ and ^‘pitocin^’ milks and fats are also plotted. Be- 
cause of the similarity of the curves these records of B 293 and A 15 are 
combined in figure 1 and for the same reason the records on E 366 and A 30 



Fig. 2. The effect of complete evacuation of the ndder by Pitocin administration 
upon the average daily milk and milk fat production on E 366 and A 30. 
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are eoiiibined in figure 2. The record of A 12 presenting a different picture 
is presented in figure 3. 

As the injections continued during the 14-day periods, there was an 
upward trend in both total daily milk and fat production in spite of the 
fact that all of the cows were in decided declining phases of lactation. This 
trend is relatively the greatest in the second injection period in A 12 wdiere 
also the drop was the most precipitous in the control period following the 
first injection period. This fact is taken as evidence that milk retained in 
the gland after normal milking is a contributory factor to the decline Sn 
production in late lactation. On the basis of the results on A 12 there is 
indication that ‘‘drying off” effect of the retained milk is the greatest in 
the most advanced lactation. 



Fig. 3. The effect of complete evacuation of the adder by Pitoein administration 
upon the daily milk and milk fat production on A 12. 

Another interesting observation is that as the injections continued there 
Avas a progressive decrease in the “normaF' milk obtained and an increase 
ill the “pitoein^' milk and the shift in the ratio of the fat in the “ pitoein 
milk to that in the “normal’' milk is even greater -with the eontiniiation of 
injections. This effect of Pitoein injections is the most prominent in the 
first injection period of A 12 (fig. 3) Avhere in the whole period 68.0 pounds 
AA'ere obtained as normal milk and 81.0 pounds as ‘ ‘ pitoein ’ ’ milk while in 
the second half of the period the “pitoein” milk amounted to more than 3 
times as mtich as the “normal” milk. 

The reason for the observed phenomenon can only be speculative at this 
time. It is possible that the cows w^ere becoming conditioned to the injec- 
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tions and did not respond as completely with the let down of milk to the 
normal milking’. An alternate explanation is that the continued injections 
had a depressing’ effect upon the natural secretion of the oxytocic principle 
by the posterior pituitary body. 

The results obtained by Pitoein injections into the 3 special eases investi- 
gated, adds eonfirniatory evidence to the depressing effect upon lactation of 
incomplete evacuation of the mammary gland even though sucJi be from 
natural causes. Since each of the 3 cases present essentially ditferent 
aspects of the problems they will be dealt with separately. 

Case 1 can best be described as a first calf heifer that lacked the ability 
to respond with a ‘‘let down^’ of milk to the normal milking stimulus. Tlie 
only milk obtained was that which had drained into the lower cavities of 
die udder and in the teats. She exhibited no nervous signs during attempts 
at milking and at no time eonlcl more than 3.1 pounds of milk be obtained 
at a milking in spite of the fact the size and appearance of the udder indi- 
cated a much greater producing capacity. After the small amount of milk 
was removed the lower part of the udder became “soft^’ but the upper two- 
thirds remained firm, xlfter two weeks 1 ce. Pitoein was injected intra- 
jugnlarly immediately after each milking and the additional milk removed. 
This procedure was continued for five days. During the injection period 
she averaged 16.2 pounds per milking of ■which 13.9 pounds were o])tained 
following the injection of the hormone. 

Upon cessations of the injections no more milk was obtained than during 
the first two weeks and at the end of two months milk secretion ceased. 
After evacuation of the gland following the injections it assumed the natural 
soft texture following the milking of an udder said to have good quality. 
The hardness of the gland was therefore due to the retained milk. 

Case 2 differed from Case 1 in that she milked at normal levels after 
parturition but dropped off in production at a much more rapid rate than 
any of her closely related females in this herd. The case came to the atten- 
tion of one of the authors when the owner explained the reason for the lack 
of persistency as being due to a “meaty'' udder. She was then in the third 
month of lactation and was producing 9.5 to 10.3 pounds of milk per milk- 
ing. After removal of this amount of milk the upper two-thirds of the 
udder remained hard or “meaty" as the owner had described. 

Upon the intrajugular injection of 1 ee. Pitoein immediately after a 
normal milking of 10.1 pounds an additional 8.6 pounds of milk was ob- 
tained. Following the removal of this amount of milk the hardness or 
meaty condition of the udder had disappeared. Injections were continued 
by the owner for a period of 5 days with a reported increase of more than 
50 per cent production. Upon cessation of injections she immediately re- 
turned to the former hahit of incomplete evacuation of the gland. 
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As tlie amounts of milk obtained were far greater than tlie capacities of 
tbe cavities of the udder and teats and also as the amounts of milk obtained 
at milkings varied no more than could normally be expected it appears that 
ill this case there was a uniform but incomplete response to the milking 
stimulus. Whether the lack of resiionse was due to insufficient hormone 
secretion or to a decrease in the sensitivity of the gland musculature is con- 
jectural. 

Case 3 is a pure bred Jersey in the University herd now in her fouS^th 
lactation. Her history is of special interest and therefore her lactation 
curves for the first 3 completed and the 4th lactations to the present are 
given in figure 4. It will be noted that in her first lactation she was un- 
usually persistent but in the subsequent ones the reverse is true. 



Fig. 4. Tlie effect of erratic liabit on let down of milk upon the character of the 
lactation curvesj plotted by monthly averages except the portion of the fourth lactation 
where plotting is based upon weekly average. Successive lactations labeled 1, 2, 3, and 4. 
Iluring the first lactation complete let down occurred at each milking. 

Inspection of the daily milk records reveal that just before a marked 
decline appears in the lactation curves she becomes very irregular in the 
amount of milk obtained. It Avas not uncommon to obtain but two or three 
pounds of milk in a milking to be followed by one of fourteen to sixteen 
pounds. The variations in the month of her fourth lactation may he seen 
in figure 5. Following the milkings of small amounts the upper part of 
the udder remained hard while following the large milking it was soft and 
pliable. Inspection of the curve (fig. 5) for the first fourteen days reveals 
the probability that at some milkings there was apparently no response with 
a let down of milk while at others there was a partial response and some- 
times a complete response. It is safe to say that the gland was completely 
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eTaciiated in less tiiaii oiie-tbird of the milkings, which fact was responsible 
for the rapid decline in hei' lactation curve. 

For fourteen days (14 to 28 in figure 5)1 ce. Pitociii was injected intra- 
jiigiilarly immediately after each normal milking and the milk let down 
removed. The milk obtained following Pitoein injection as well as the total 
milk for each milking is plotted in figure 5. It will be noted that the varia- 
tions ill the total milk obtained per milking was reduced to minor flnetiia- 
tions. There were, however, marked variations from milking to milking in 
the relative amounts obtained as “norinaP’ and ^‘pitoein’’ milk. 



Fig. 5. The effect of complete evacuation of the udder by Pitociu iiijeetion upon the 
quantity of milk and uniformity of amounts of milk in a cow with erratic milking habits. 
Bach milking is plotted. The first fourteen days is a control period. Pitoein was injected 
at each milking from the loth to 28th day. 

Using the milk production for the fourteen days immediately preceding 
the injection period there were increases of 44,8 per cent in milk and 59,81 
per cent in fat for the injection period. It will be noted from figure 5, how- 
ever, that the daily production increased for the first 8 days when a plateau 
is reached. Using the last six days of the injection period the production 
increased 56.9 per cent as compared with the average production for the 
fourteen days before injection. 

As for the injections of Pitoein in cows in advanced lactation it is noted 
there is an increase in pitoein milk and a decrease in ''normaP^" milk with 
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eontiiiuatioii of the injections. It is noteworthy that the decreasing effect 
of the Pitocin injections upon the amounts of milk lasted for but one milking 
after injections were stopped. It is also noteworthy that in the 14-day 
period following cessation of injections the milk production is 5.1 per cent 
greater than in the 14-day period preceding mjections instead of an esti- 
mated 15 per cent loss as would be expected from the trend of the lactation 
curve. 

It would therefore appear that the complete evacuation of the gland at 
each milking by the use of Pitocin not only checked the downward trend of 
the lactation curve but in this case stimulated the gland into greater activity. 

SUMMARY AND CONCLUSIONS 

1. The results are given of complete evacuation of the udder by the in- 
jection of Pitocin upon the milk and fat production of five cows in the de- 
clining phase of lactation and of three other cases of natural incomplete let 
down of milk. 

2. In all cases of declining lactation complete evacuation of the gland 
checked the downward trend of the lactation. In all but one ease the milk 
production was significantly increased over the control period. 

3. On the basis of the results obtained on three cows with the evacuation 
of the gland by the injection of Pitocin it is suggested that in many cases 
the lack of persistency is due to the incomplete let down of milk. 

4. Any milk retained in the gland has a depressing influence upon sub- 
sequent production. 
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CHANGES IN BACTERIAL COUNTS OP STORED ICE CREAM MIX 

h\ E. NELSOIS^^ 

Kansas Af/riculUiral JSxperimenl Station- 

111 iee cream surveys conducted by this station excessively Mgii bacterial 
plate counts sometimes were obtained on samples frozen from mixes wbicb 
originated at plants wlio>se products ordinarily were of low bacterial content. 
Altboug'b sanitation in tlie freezing plant undoubtedly ivas a factor in some 
instaneeSj other causes were indicated in a sufficient number of cases to 
warrant study of the etfect of time and temperature of storage upon the 
development of bacteria in ice cream mix. 

Abele (1) reported only 80 per cent of the mix in the hands of the manu- 
facturers and 75 per cent of that in possession of the freezers was held below^ 
50° P. Temperatures of iee cream mix in transit commonly were found 
to rise above 50° P., and sometimes to 60° P., accentuating the problem of 
adecpiate refrigeration during storage in the plant where the mix was frozen. 

METHODS 

Samples of pasteurized mix were obtained from tivo sources and at dif- 
ferent seasons of the year over a period of 15 months. During this period 
ingredients and fomnulae were changed, especially at one source, so the 
samples represented a diversity of composition. Each original lot of mix 
was agitated thoroughly and approximately 50-ml. quantities transferred 
aseptically to 2-oz. screw-cap sample jars. A number of replicate samples 
sufficient to provide an undisturbed sample from each temperature of stor- 
age at each plating interval was employed. The samples were held under 
commercial refiageration conditions, periodic temperature readings being 
recorded. On some samples the temperatures may have exceeded the re- 
corded limits for short unrecorded intervals, but the ranges given represent 
the temperatures in effect during most of the holding period. All platings 
were made by using the volumetric method, standard plate counts being on 
Tryptone-glucose-extract-milk agar incubated for 48 hours at 37° C., and 
coliform counts being on violet-red bile agar incubated approximately 20 
hours at 37° C. The procedures used were those outlined in Standard 
Methods for the Examination of Dairy Products’’ (2), 

RESULTS 

The results of the bacteriological examinations made after various inter- 
vals are recorded in table 1. The data indicate some lots of mix cannot be 
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TABLE 1 

Changes in hactcrial counts of ice cream mix during refrigerated storage 


Sample 

No. 

Holding 
temperature 
range (°G.) 

Standard plate count per nil. after holding 
for periods indicated 

0 days 

2 days 

4 days 

7 days 

1 

2.0-10.0 

9,300 

4,200 

17,000 

28,000 


13.0-14.5 

9,300 

10,000 

1,500,000 

75,000,000 

9 

4.5- 5.5 

14,000 

13,200 

9,100^ 

11,700 


7.0- 8.0 

14,000 

19,000 

9,800* 

16,000 

3 

4.5- 5.5 

41,000 

92,000 

178,000* 

3,400,000 


7.0- 8.0 

41,000 

185,000 

8,800,000* 

68,000,000 


4.5- 5.5 

2,500 

4,500 

2,300 

23,000t 

4 

5.5- 8.5 

2,500 

6,300 

. 280,000 

19,000,0001 


12.8-14.5 

2,500 

9,700 

1,500,000 

47,000,000t 


3.0- 4.5 

1 9,200 

9,800 

j 40,000 

470,000 

0 

8.5- 9.5 

1 9,200 

35,000 

i 920,000 

30,000,000 


12.2-13.3 

9,200 

78,000 

j 4,200,000 

135,000,000 


3.0- 4,5 

15,000 

6,100 

6,600 

51,000 

6 

8.5- 9.5 

15,000 

7,100 

150,000 

9,500,000 


12.2-13.3 ! 

15,000 

10,000 

1,300,000 

57,000,000 


3.0- 4.5 ! 

6,600 

4,600 

11,500 

116,000 

7 

8.0- 9.3 

6,600 

8,700 

180,000 

5,400,000 


12.2-13.3 

6,600 

13,400 

940,000 

16,100,000 


1.0- 4.5 1 

3,700 

6,100 

9,200 

20,000,000 

8 

4.0- 5.0 

3,700 

4,500 

24,000 

53,000,000 


14.3-15.5 

3,700 

17,000 

510,000 

240,000,000 


3.0- 4.5 

20,000 

59,000 

66,000 

156,000 

9 

8.0- 9.5 

20,000 

115,000 

7,000,000 

61,000,000 


12.2-14.0 

20,000 

220,000 

13,000,000 

97,000,000 



Coliform count per ml 

1 

2.0-10.0 






13.0-14.5 





2 

4.5- 5.5 

1 

1 

0* 

7 


7.0- 8.0 

1 

o 

13* 

5 

3 

4.5- 5.5 

320 

380 

380* 

700 


7.0- 8.0 

320 

920 

3,400* 

18,100 


4.5- 5.5 

1 

1 

< 1 

If 

4 

5.5- 8.5 

1 

1 

72 

4,000 1 

i 

12.8-14.5 

1 

6 i 

> 100 

71 0,000 1 


3.0- 4.5 

> 100 

370 

450 

320 

r> 

S.5- 9.5 

> 100 

450 

410 

160,000 


12.2-13.3 

>100 

500 

11,000 

270,000 


3.0- 4.5 

> 100 

440 

380 

220 

6 

8.5- 9.5 

> 100 

590 

630 

500 


12.2-13.3 

> 100 

800 

900 

1,500 


3.0- 4.5 

1 1 

1 

i 1 

300t 

rr 

f 

8.5- 9.5 

1 

4 

1 7 

420 


12.2-13.3 

1 

6 

i 420 

500 


1.0- 4.5 

<1 

<1 

<1 

< 1 

8 

4.0- 5.0 

<1 

<1 

<1 

< 1 


14.3-15.5 

<1 

<1 

<1 

<•1 


3.0- 4.5 

120 

70 

: 10 

130 

9 

8.0- 9.5 

120 

350 

16,000 

320,000 


12.2-14.0 

120 

700 

59,000 

1,600,000 


* ~ 5 days. 1=8 days. | ^ Questionable coliform types. 
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held more than 4 days at temperatures slightly below 5.5° C. (42° F.) with- 
out significant increase in count. No relationship between initial coliform 
count and tendency for standard plate count to increase at this temperature 
is apparent. In some instances relatively high counts were obtained after 
holding the mix 7 days at 5.5° C. (42° F.) or below. Temperatures of 
storage ranging up to 9.5° C. (49° F.) commonly resulted in some increase 
in standard plate count after 2 days and a large increase in count after 4 
da 3 ^s. Holding mix at this temperature for 7 days usually resulted in ex- 
cessive counts. Holding at temperatures approaching 15.5° C. (60° F.) 
sometimes permitted considerable increase in standard plate count in 2 days 
and always resulted in excessively high counts after 4 da^^s. 

Development of coliform organisms was checked by holding temperatures 
of 5.5° C. (42° F.) or below. At temperatures approaching 9.5° C. (49° F.) 
the behavior of this group of organisms was erratic, considerable increases 
in count being encountered in some samples, while these organisms multi- - 
plied but little or not at all in this temperature range in other samples. 
Storage at temperatures of 12.0° C. (53.6° F.) and above resulted in marked 
increases in coliform count, even after 4 days. 

In no ease had the flavor or aroma of the mix been changed significantly 
during the holding period of 7 or 8 days. 

DISCUSSION 

The data indicate storage of mix initially having a low bacterial count 
may permit considerable increases in ‘HotaF’ count. These increases are 
of particular significance when temperatures above 5.5° G. (42° F.) are 
encountered. Increases in coliform count usually occurred when tempera- 
tures reached the level of 8.0° C. (46.4° F.) or above, but were not signifi- 
cant below this temperature level. Increases in numbers of these bacteria 
during storage could result in erroneous conclusions concerning magnitude 
of post-pasteurization contamination of the mix. 

The data indicate the practice of making or purchasing mix and storing 
it under moderate refrigeration for several days before freezing may have 
an undesirable effect upon the bacteriological condition of the resulting ice 
cretin. Hammer (3) showed more than 30. yeai's ago that the bacterial 
content of frozen ice cream fails to increase, in fact usually decreases, dur- 
ing storage. Storage in the form of frozen ice cream, rather than in the 
form of unfrozen mix, is to be preferred in either the manufacturing or the 
freezing plant. If the temperature can be maintained below 40° F., storage 
of mix for not more than 2 days apparently would cause no bacteriological 
difficulties under usual conditions. 

CONCLUSIONS 

1. The bacterial count of ice cream mix stored at 4.5° C. (40° F.) or 
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above increases TOtli storage time and may reacli considerable magnitude as 
the storage temperature increases. 

2. Coliform bacteria usually were found to increase in numbers in ice 
cream mix held at temperatures of 8.0° C. (46.4° F.) or above. This in- 
crease may give rise to false conclusions relative to post-pasteurization con- 
tamination based upon presence of coliform bacteria in appreciable numbers. 

3. Storage of frozen ice cream, rather than nnfrozen mix, is reconi- 
meiided. 
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A SIMPLIFIED METHOD OP ESTIMATING 305-DAY 
LACTATION PKODUCTION* 

W. J. TYLEB AND A. B. CHAPMAN 
Wisconsin Agricidtiiml Experiment Station, Madison, Wisconsin 

Eecords of 305-day milk and biitterfat production are ordinarily esti- 
mated from montlily milk weights and bntterfat tests. Probably the most 
widely used method is that recommended by the Division of Dairy Herd 
Improvement Investigations, Bureau of Dairy Industry. The D.H.I.A. 
method has become known as the centering method because the testing month 
is centered around an established testing day rather than coinciding, with 
the calendar month. In addition to this, the method involves calculation of 
back-credit in cases of lactation beginning at certain times in the testing 
month. In an investigation using D.H.I.A. records many errors in calcula- 
tion were found. The majority of these errors were made in calculating 
the back-credit period, but many others resulted from the considerable 
multiplication and addition involved. This means that unless much time 
is spent in checking records, selection of animals is likely to be based on 
inaccurate information. Any method which might be substituted for the 
present D.H.I.A. system should be simple enough to result in greater arith- 
metical accuracy and should yield a record wliicli possesses those statistical 
properties important in genetic selection. 

The summation of the first ten testing-day values multiplied by 30.5 
suggests itself as a simple method which should result in less arithmetical 
error. In this study the statistical xu'operties of records calculated by this 
simplified method have been compared -with the same cows^ 305-day produc- 
tion records computed by the D.H.I.A. centering method and with actual 
production records obtained by summing the daily milk weights for tlie 
first 305 days. 

LITJEEATURE 

Prior to the advent of the cow testing assoeiatiops, producing ability in 
dairy cattle had been estimated from records based on weekly butter yield 
and daily milk weights. Other estimates were based on seven-day tests in 
the fourth month multiplied by the number of wrecks in the lactation ; and 
still others by adding the milk weights for three days per month over a 
12-month period and multiplying this sum by 10 to estimate yearly 
production. 

Since cow testing associations were established, records have been calcu- 
lated in most cases by the D.H.I.A. centering method. In some eases, how- 
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ever, a calendar moiitii scheme which is based on monthly tests and the 
number of days the cow is milked during the month has been used, as well 
as another method which estimates the production for the period between 
two coiiseeiitive testing dates from the milk and biitterfat yields of the later 
date. Still other estimates have been derived from daily milk weights and 
a montlily or bimonthly fat test, and Plum (8) has used the summation of 
the first eight testing-day yields in an investigation of the causes of differ- 
ences in butterfat records. 

Studies by Eabild (9), McCandlish and MeVicar (5), McDo^vell (6), 
Copeland (1), Gifford (2), Kendrick (4) and McKellip and Seath (7) indi- 
cated that little difference exists between the averages of production records 
estimated b^^ these various methods. Harris, Lush and Shultz (3) found 
no significant differences in repeatabilities of D.H.I.A., lactation and yearly 
production records. 

MATERIALS AND METHODS 

The milk and butterfat figures used in this study were obtained from the 
D.H.I.A. herd record books and the daily milk records of two ’Wisconsin 
State Department of Public Welfare herds. These figures represented the 
production between 1935 and 1941 of Holstein cows milked three times 
daily. In one herd (Herd I), the butterfat records on 257 lactations of 108 
cows and the milk records on 160 lactations of 60 cows were used. In the 
other herd (Herd II), the study was based on the milk records from 81 
lactations of 65 cows. The milk records calculated by the D.H.I.A. centering 
method and simplified method were compared with each other and with the 
actual production figures obtained by summing the first 305-days’ milk 
weights. Only the former comparison, ^^centei^ed” vs. “simplified,” could 
. be made with the butterfat records. 

Differences in the means of the records were tested for significance using 
Student’s “t” test for paired observations. Simple correlations between 
estimated and actual yields were calculated. The variances of the milk and 
butterfat records, calculated for each herd by both methods, were divided 
into portions due to cow differences and differences between records of the 
same cow. The repeatability of milk and butterfat estimates (correlation 
between records made by the same cow) was computed for each class of 
records, ie., for the simplified, centered and actual production figures. 

RESULTS AND DISCUSSION 

The analyses show that the simplified and centered estimates are highly 
correlated with each other for both milk and butterfat production, and that 
the actual milk records are also closely associated with the two estimates of 
milk production (tables 1 and 2). 

The means of the centered records for butterfat and milk production 
are significantly higher than the averages of the simplified records in Herd I 
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TABLE 1 


Correlations l)et’wee% mills records calculated htj the simplified and centering methods 
and actual yield in Herds I and II 


Herd 

I 

II 

Method 

Simplified 

Centering 

Simplified 

Centering 

Actual 

0.990 

0.992 

0.984 

0.991 

Simplified 


0.995 


0.984 


(tables 2 and 3). These higher means are probably caused in large part by 
the back-eredit additions used in the calculations of centered records. The 
tester tests all milking cows that are more than six days beyond calving at 

TABLE 2 


Statistics of hutterfat records calculated hy the simplified and centering 
methods in Herd I 


Method 

Number 

of 

records 

Mean 
butterfat 
prodiie- 
j tion 

Standard 

deviation 

Mean 

difference 

Correlation between 

Simplified 
and cen- 
tered 
records 

Intra-cow 

records 

Simplified ... 

257 

507.8 + 6.3 

101.2 



0.24 





3.4^- 

0.993 


Centering 

257 

511.2 ±6.3 

100.8 



0.25 


^ P < 0.01. 


the time of his visit. Cows which both freshen and are tested during a 
testing period are given credit for the portion of the testing period they 
should lactate, less three days. Cows calving during an immediately pre- 
vious testing period and not tested within that period are given credit (baek- 

TABLE 3 


The actual, simplified and' centered mean milk yields and differences hetween 
these means in Herds I and II 



Number 

of 

records 

Actual 

Simplified 

Centering 

Herd I 

Mean yield 

Difference 

Actual 

160 

14494 ± 207 

14600 ± 210 

106* 

14727 ±212 

233* 

127* 

12565 ± 234 

118* 

204* 

Simplified 



Herd II 

Mean yield 

Difference 

Aetua.l 

83 

12683 ± 234 

12769 ± 238 

86t 

Simplifipfi 








* P < 0.01. 
t P ^ 0.03. 
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credit) for tlie portion of the lactation which occurred in the previous period^ 
less three days, on the basis of production during the present testing period. 
At each test (subsequent to the first) in the lactation of a cow, production 
is calculated for the testing period from the testing-day figures multiplied by 
the iiiiniber of days in the testing period. 

In a sense there are two groups of cows, one in which the cows start them 
records by receiving back-credit and another in which they do not. At the 
end of the record the back-credit’’ cows will use only a part of the tenth 
testing period to complete a 305-day period. For the non-back-credit” 
cows a portion of the eleventh testing period must be added to obtain an 
estimate of production over a 305-day i)eriod. 

The simplified selieiiie also requires that each cow tested most have calved 
six or more days previous to the tester’s visit, but no correction is made for 
day of calving (each testing-day value being multiplied by 30.5). Hence 
the simplified calculations give equal weight to the production on all of the 
first 10 testing periods, wdiereas the back-credit calculations give more 
weight to the higher production of the first testing period and less weight 
to the lower production of the tenth testing period than does the simplified 
scheme. Therefore, in’ ‘■'M^ack-eredit” lactations, the centered records are 
larger than those determiued by the simplified method. On the other hand, 
cows receiving no back-credit will have lower centered records than sim- 
plified records because only a portion of the first testing period is used (the 
low^'er production of the eleventh period being used to complete the record), 
while in the simplified calculations equal weight is again given to all of the 
first ten monthly tests. 

Furthermore, in the centering method the chances of cows receiving and 
not receiving back-credit are unequal. This grows out of the fact that a 
lactation record begins on the fourth day of lactation, whereas a test cannot 
be made until the seventh day of a lactation. Tliree days thns are added 
to the portion of the month in which a cow may calve and ret^eive back-credit 
(average for different months of the year approximately out of 30-| 
days), and likewise the portion of the month in Avhieh they sliould not receive* 
back-credit (about 16 out of 301 days) is lessened by three days. The two 
periods therefore approximate 17-1 and 13 days respectively. Thus the 
average of many centered records can be expected to be higher than the 
mean of corresponding simplified figui’es. 

The simplified estimates of milk production in Herd II, on the other 
hand, are significantly higher than the centered records. The difference 
between Herd I and Herd II in these results seems to lie in the difference 
betAveen these herds in regard to the deviations of actual testing dates from 
the established centering-day (table 4). In Herd I the deviations betAveen 
the testing dates and centering-day are' small, whereas the deviations in 
Herd II are large, varying from soA^en days before to 23 days after the cen- 
tering-day. 
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Since tiie actual testing dates in Herd II ^Yere usually later tlian the fixed 
centering-date (ave. = + 7.8 days), the testing days were near the end of the 
testing period. This means that coavs which Avould have receded back-credit 
{i.c.y freshened after tlie scA^enth day before the tester’s visit) if the actual 
testing date had been closer to the centering-day AAniild be included in the 
first testing period of that lactation, and therefore receive no back-credit. 
The increase of non-back-credit lactations in this herd undoubtedly explains 
why the centered records are loAA^er than the simplified records in Herd II 
(tables). 

The means of the simplified estimates are significantly larger than the 
means of the actual milk yields in Herds I and II (table 3) . One explana- 
tion for this is that the first test is frequently made at a time AAhen the coaa” 
is producing at a higher rate than the average for that part of the first 30.5- 
day period in Avhieh she is actually in production. In addition, coavs tested 
soon after fi’eshening are given credit for production, in the period before 

TABLE 4 


Deviations of actual testing dates from the established centering -day in Herds I and II 


Herd 

No. of testing 
periods 

Average deviation 

I (days) 


Arithmetic 

Algebraic 

r 

72 , 1 

1.9 

-1.7 

II 

42 

9.7 

+ 7.8 


they begin production, at a higher level than that AAhich is used (after the 
tenth testing period) to complete the 305 days of actual yield. 

The significantly liigher mean of the centered records compared to the 
mean of the actual milk yields in Herd I (table 3) is caused, in part at least, 
by tlie centering scheme’s back-credit calculations. Part of this difference 
betAveen means arises fx'om the large number of records of ^hack-credit” 
COAVS, in Avhich the rate of production used to calculate back-credit is higher 
than the actual rate of production during this back-credit period. It also 
arises from the ^^non-baek-credit” records in those cases in which the tester’s 
first visit comes near to the peak of the lactation curve. 

The data for Herd II shoAV that the average of the centered estimates is 
lower than the mean actual milk yields. The consistently late testing dates 
in this herd are undoubtedly the explanation for this lower mean. That is, 
the freciueney of the ''back-credit” coavs is reduced about half, and the pro- 
duction estimates for the centering periods during the declining phase of the 
lactation curve are based on testing day yields taken near the end of each 
period; at this time the yields are lower than the average actual daily yields 
for those periods. 



468 


W. G. TYLER AND A. B. CHAPMAN 


Tlie repeatabilities (intra-cow correlations) for tlie two estimates of 
biitterfat and milk | 3 roduction and for actual milk production are given in 
tables 2 and 5. There is not a significant difference between the repeatabili- 
ties of the simplified and centered estimates of butter fat production, nor are 
there any significant differences between these repeatabilities for the sim- 
plified, centered and actual milk records within herds. 


TABLE 0 

’Repeatabilities of simplified and centering methods and actual mills production 
records m Herds I and II 


Herd 

Number 

of 

Simplified 

Centering 

Actual 


cows 




I 

60 

0.36 

0.35 

0.38 



16 

0.55 

0.53 

0.52 


SUMMARY AND CONCLUSIONS 

A simplified scheme for computing 305-day milk and biitterfat records 
has been described, and such records have been compared statistically with 
those estimates calculated by the D.H.I.A. centering method and with actual 
305-day milk figures. 

The high correlations found between simplified, centered and actual milk 
records and between simplified and centered biitterfat estimates, and the 
close similarity of their intra-herd repeatability figures and mean yields for 
milk and biitterfat production indicate no important differences between the 
simplified and centered schemes. 

The simplified scheme would offer, however, the following advantages: 

1. It would avoid most of the sources of those arithmetical errors which 
so often occur in the centered calculations. 

2. It would facilitate the training of testing supervisors. 

3. It would provide the tester with extra time so that more cows could be 
tested in one day, or more time could be devoted to conferences with tlie chtiiy 
farmer. 

4. It would alloiv the dairy farmer to understand readily the method 
used in estimating production records, and to make the calculations himself 
if necessary. 

5. It would save much time in the recording and checking of production 
data which are to be used for research purposes. 

ACKNOWLEDGMENTS 

The authors are indebted to Mr. Kinyon, Farm Supervisor, Wisconsin 
State Department of Public Welfare, for making available the records on 
which this study is based. They wish to acknowledge the constructive sag- 



ESTIMATING 305-DAy LACTATION PRODUCTION 


469 


gestions given by Professor L. E. Casicia, Department of Genetics, in the 
proseeiition of this work ; and they also want to express their appreciation 
to Professor I. W. Pnpel, Department of Dairy Husbandry, for his helpful 
criticisms of the manuscript. 

EEFEBENCES 

(1) Copeland, Lynn. Monthly and Bi-Monthly Tests. Jersey BuL, 47: 731--732. 1928. 

(2) Gifford, W. The Eeliability of Bi-Monthly Tests. Jour. Dairy Sci., 13: 2, 81-90. 

1930. 

(3) Harris, G. M., Lush, J. L., and Shultz, E. N. Progress Eeport on Comparison of 

Lactation and Yearly Eeeords. Jour. Dairy Sci., 17: 11, 737-742. 1934. 

(4) Kendrick, J. P. The Cow Tester’s Manual. Mise. Pnb. 359, TJ. S. Dept. Agr., 

Bur. Dairy Indus. 1940. 

(5) McGandlish, a. G., and McVicar, A. Are Milk Eeeord Association Besnlts Accurate? 

Scottish Jour. Ag*!’., 8: 201-205. 1925. 

(6) McDowell, J. C. Testing Cows for Production Every Other Month. XT. S. Dept. 

Agr., Cir. 1: 1-3. 1927. 

(7) McKellip, I., AND Seath, D. a Comparison of the Different Methods of Calculat- 

ing Yearly Milk and Butterfat Eeeords. Jour. Dairy Sci., 24: 3, 181-192. 
1941. 

(8) Plum, Mogens. Causes of Differences in Butterfat Production of Cows in Iowa Cow 

Testing Associations. Jour. Dairy Sci., 18: 12, 811-825. 1935. 

(9) Kabild, H. Cow Testing Associations. 26th Ann. Eept. Bureau Anim. Indus.: 99- 

118. 1909. 




THE STRUCTURE AND PROPERTIES OP THE NATURAL 
FAT GLOBULE “MEMBRANE”* 

A Historical Review with Experiments Bearing on a 
PE ySICO-CHEMICAL EXPLANATION 

LEROY S. PALMER 

Division of Agricultural Biocheinistryj University of Minnesota, St, Faul, Minnesota 

HISTORICAL 

Babcock (2) probably was the first American chemist to investigate emiih 
sioii character of milk and cream and to reject Aseherson’s (1) haptogeii 
membrane theory which had already prevailed for 45 years. 

According to Babcock (2), in 1885 the fat globules Avere considered to 
be either (a) ^‘particles of free fat, in the form of an emulsion with the 
serum of the milk/' or (b) ^'surrounded by a thin membrane, and therefore 
cells -filled Avitii fat/' or it Avas believed (c) "that the albuminous matter of 
tlie milk is attracted and in some AA^ay condensed upon their surface, forming 
Avhat is called kapiogemc membrane." 

It is not clear Avhy Babcock distinguished betAveen the "cells filled with 
fat" and the haptogen membrane theory of Ascherson (1) (whom Babcock 
did not mention by name) since Ascherson 's paper clearlj-' considers capil- 
lary condensation of albumin and aggregation of an infinite number of small 
particles at fat surfaces to produce "haptogen" membrane as identical de- 
scriptions of the property of "hymenogeny" AA^hich he disco A^ered. Further- 
more, .Ascherson not only postulated that the fat globules in milk are sur- 
rounded by a "haptogen" membrane but he claimed to have seen the mem- 
brane by microscopic observation, both in natural milk and in artificial 
emulsions of olive oil in dilute egg albumin solution. 

Babcock disagreed Avith those who claimed to have seen the membrane 
both intact and after rupture as the "broken sacks" of the fat globules by 
suggesting a possible "lack of skill in the use of the microscope" as well 
as "influence of a preconceh^ed opinion." It is obvious that Babcock him- 
self faA^ored the emulsion theory to account for the fat globules. An emul- 
sion, lie stated, is produced by dispersing liquid fat in an aqueous fluid 
having viscous properties Avhereby the fat particles are prevented from 
uniting again "by a thin film of liquid analogous to that Avhich separates the 
bubbles of air in foam or soap suds." Babcock then pointed out the analo- 
gies between milk and artificial emulsions, (a) in microscopic appearance, 

Eeeeived for publication December 18, 1943. 

* Paper No. 2110, Scientific Journal Series, Minn. Agr. Expt. Sta., St. Paul, Minn. 
Presented before tlie Agriculture and Pood Division, American Chemical Society, Pitts- 
burgh, Pa., Sept. 9, 1943. 
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(b) in ereaiiiiiig: and tlie accentuation of the same by dilution with water, 

(c) on cliiiriiiiig, espeeiailr the relation thereto and importance of tempera- 
ture and melting point of fat, and (d) on their behavior when treated with 
ether. As a convincing argument Babcock pointed out that churns which 
had formerly been designed with the view of xuiptiiring the liaptogeiiie and 
other alleged membranes siirronnding the fat globules were being replaced 
with those "which would accentuate aggregation and coalescence of the fat 
globules into granules and of the granules into butter. 

Babcock was soon led to modify his views somewhat regarding fat globule 
‘^membranes’’ due to liis conclusion that ti*aces (Babcock estimated 0.0002 
per cent) of fibrin normally form in milk. In 1889 (3, 4) Babcock pre- 
sented the evidence for the formation of “lacto-fibrin” and discussed the 
importance of this phenomenon at considerable length. While neither the 
evidence nor the alleged practical applications of the phenomenon are any 
longer valid, it is of interest that Babcock sought by means of his coiiclusious 
to explain the natural agglutination of the fat globules,^ the relation thereto 
of gravity and centrifugal creaming and its influence on churning. Bab- 
cock believed that in cream the fibrin “clots have jxractically the same effect 
as would a true membrane covering the globules, and must be removed before 
the globules can unite in the form of butter.” The acid of ripened cream 
was regarded as an effective solvent for this purpose. At the present time 
students who are being introduced to current theories in dairy chemistry are 
usually surprised to learn that while Babcock was one of the first to call 
attention to the natural fat globule clustering phenomenon, and later (5) 
showed its importance in explaining changes in the “consistency” (viscos- 
ity) of milk, he nevertheless regarded fat clustering as detrimental to the 
creaming and described methods for preventing it. 

Current theories about the emulsions 'which occur naturally in biological 
material permit the aeceptaiiee of aggregates of oriented colloidal particles 
at the surface of milk fat globules to form “membranes” such as were not 
visualized by Babcock. Some of Ascherson’s views, however, were remark- 
ably prophetic of later discoveries. 

The fact that milk plasma contains- a number of proteins each capable of 
effective stabilization of fat emulsions lias been the cause of much of tlic 
confusion in the literature as to whether cows’ milk possesses a special fat 
emulsifying system. For a number of years I have employed the term mem- 
brane in quotation marks to describe this system. A major part of this 
literature, both old and more recent, may be found in the following publi- 
cations (6, 16, 17b, 18, 20, 25, 30, 31). . 

Although Babcock (2) recognized that the milk emulsion is not destabil- 
ized by dilution with water, the Danish chemist Storch (24) was the first to 

1 TLe occurrence of a true agglutinin in milk wkieli is adsorbed by the fat globules 
at low temperatures, causing their agglutination, is supported by the paper of Sharp and 
Krukovsky (Jour. Dairy Scl, 22: 743-752, 1939) in which the older literature is reviewed. 
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apply tills fact to the problem of isolating the natural emulsifying agents 
through the process noiv commonly called cream washing. Separator cream 
is diluted with distilled wmter at approximately body temperature (Storch 
used both water and sucrose solution) to give a fat content similar to whole 
milk and the diluted cream reseparated. If one starts with fresh cream 
from the freshest possible milk this process may be repeated until the tests 
of the washings for milk plasma coiistitnents are essentially negative with- 
out impairing the stability of the emulsion. Surface and interfacial adsorp- 
tion equilibria are, of course, sensitive to temperature changes. If the 
cream washing operation is conducted at animal temiDeratnre it is reasonable 
to conclude that the fat globules of such washed cream are ‘‘coated’’ by the 
emulsifying agents present when the milk is secreted together with other 
substances whose presence could be explained by chemical or physical affin- 
ity with the fat or its eznulsifying agents. With these hypotheses as a back- 
ground, it becomes largely a chemical problem to isolate and identify the' 
natural “membrane” components. 

Storch ’s (24) experiments XDointed the way to an important aid in the 
isolation of the “membrane,” which I and my associates (16) developed and 
employed extensively in our later studies (17a, 18, 20, 25, 30, 31), namely, 
the release of a large part of the protective agents into the buttermilk dur- 
ing the churning of washed cream whereby both the free buttermilk and 
that released by melting the butter become important source materials for 
chemical studies. Indeed, not only was it found (20, 29) that the emulsion 
properties and ehurnability of artificial emulsions of milk fat in the various 
colloidal sols from milk plasma are strikingly diiferent from those of washed 
natural cream but also that the “membi'ane” materials isolated from the 
washed artificial creams are also chemically distinct from. the natural “mem- 
brane” substances. 

Only a relatively brief account can be given of the discovery of the 
specific components of the natural “membrane.” Storch (11) first postu- 
lated a specific i')rotein but its supposed mucoid nature was not substantiated. 
The protein is salted out of aqueoxis sols like a globulin (16) but does not 
require electrolytes for dispersion (18). As isolated by Hattori (10), by 
Saniuelssoii (16) and by Wiese (18), by Kimpila (20), and by Tarassuk 
(17b), and by Schwarz and Fischer (22), the pi-otein is characterized by a 
N content several per cent low^er than that of any other milk protein, a fact 
not yet explained either on the basis of known amino acid composition or 
identified prosthetic groups (30, 10, 22). The biological specificity of the 
protein was established by Lewis (15). 

Domic and Daire (8) postulated that the higher lecithin content of but- 
termilk than of whole milk arose from the release of lecithin from Storch ’s 
fat globule “membrane” but Samuelsson (16) first supplied direct evidence 
in support of this hypothesis hy isolating phospholipides from washed cream 



474 


LEROY S. PALMER 


buttermilk. “Wiese (18) later identified leeitliiii, ceplialiii and spliingomye- 
liii-like pliospliatides in tlie natural membrane’^ material. Tims, the 
specific emulsion stabilizing agent of cow’s milk was finally established as a 
proteiii-pliospliolipide complex. Its aqueous sol was found (18) to have an 
isoelectric point at pH 3.9-4.0. The importance of the piiospholipides in 
the hydrophilic properties of the membrane has been emphasized by Pyensoii 
and Bailie (19). Sandelin (21) believes that lecithin is the more important 
component of the membrane in explaining the stability of the milk and 
cream emulsion. 

A third major lipide component of the isolated natural ‘^membrane” was 
encountered by AYiese (18) and Einipila (20) in the form of a neutral, high 
melting- glyceride, the significance of which is still obscure. 

The more important components of the natural ^‘membrane” present in 
minor quantity are enzymes and heavy metals. Toyama (26) first showed 
that the crude ‘^membrane” serves as a satisfactory concentrate of xanthine 
oxidase, thus confirming* the view of Wieland and Macrae (29) that cow’’s’ 
milk dehydrogenase is closely associated with the fat globules. Sharp (23) 
states that about one-half of the xanthine oxidase may be removed from the 
fat globules by washing. He also reports that milk contains about 70 milli- 
grams of the enzyme per 100 grams of fat. This would constitute 12-15 
per cent of the protein of the membrane, based on Rimpila’s (20) data 
regarding the protein : fat relationship of w-ashed cream. Xanthine oxidase 
being a riboflavin-protein compound accounts for the fact that both raw 
sweet cream buttermilk and the buttermilk from churning washed cream 
have a browmisli-yellow color. Kay and Graham (13) first demonstrated 
that phosphatase is concentrated on the fat surfaces of milk. Rimpila (20) 
found that 50 per cent of the Kay-Graham phosphatase of fresh cream re- 
mains after six washings, each wuth four volumes of water. Davies (7) 
found that the ‘ ^ inembrane ” protein readily combines with copper and iron 
wdiieh dissolves in milk and cream in milk processing plants, thus causing a 
concentration of these metals on the surface of the fat globules. The prob- 
able importance of metallic ions, especially of copper ions that might arise 
from these compounds, in contributing to the oxidative deterioration of 
cream and butter, may readily be conjectured. 

EXPERIMENTAL 

The character of the specific components of the natural fat globule 
^'membrane” of cows’ milk so far identified raises both physiological and 
physico-chemical questions regarding their origin. The supposition that 
they are artifacts of the cream washing procedure is not rational. Physio- 
logical explanations of their origin are still in the realm of speculation but 
it is difficult to ignore the thought that there is some intimate relationship 
betw'een them and the synthesis and secretion of milk fat. The physico- 
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cliemieal aspects of tlie question are capable of experimental approacli. 
Milk plasma contains colloidal systems wbieli ai^e excellent emulsion stabiliz- 
ers. If it could be determined that tlie specific components of the natural 
membrane are preferentially adsorbed by a milk fat surface because of 
normal differences in their interfacial tension x^ediicing' ability as compared 
with the plasma colloidal systems, the origin of the natural ^‘membrane” 
would have a physico-chemical explanation which could be regarded as at 
least plausible. 

Dr. M. B. Powell carried out an extensive study of this question in niy 
laboratory during 1932-34.- None of the resnlts have heretofore been piib- 



PiG. 1. Comparative tension reducing ability at •water-butter oil interface of proteins 
(1) hi lact albumin sol A; (2) mixed milk serum protein sol B; (3) milk plasma sol 0; 
and (4) ealcimn phospboeaseinate sol D, pH 6.7. Readings at 40® C. 

lished. Using the drop weight method of Harkins and Brown (9) the inter- 
facial tension reducing ability of different concentrations of the various col- 
loidal systems of milk, including the natural “membrane” system, was 
determined at a butterfat-water interface at 40° G. This made it possible 
to determine at what concentration of protein a minimum interf acial tension 
was attainable for each system and gave a comparison both of the absolute 
ability of each material to reduce the interfacial tension of the butterfat- 
water interface and of the relative effectiveness of each to produce its own 
minimum tension. 

In this work we observed for the first time that freshly washed fresh 
cream is sufficiently stable to withstand homogenization at 3000 lbs. pres- 

2 This work was supported by a grant from tbe Rockefeller Rouudatiou. 
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sure at 105 C. This suu-gests tliat the materials reiiiaiiiing at the fat 
surfaces of washed cream represent either multimolecnlar layers or mono- 
molecular complexes capable of considerable disteiisibility without impaii- 
ment of the stability of the emulsion. The capacity of the resulting iiitei- 
lace to adsorb the various colloidal capillary ■ active systems of milk was 
exaniiiied experiment ally in iiiterfacial tension studies. 

Figures 1, 2, 3, 4 and 5 present graphically some of the results of the 

various interfacial tension measurements. 

Figure 1 shows the relative interfacial tension reducing ability of (a) 
iaetalbiimin sol (whey dialyzed against distilled water), (b) milk serum 
proteins sol (whey dialyzed with addition of NaCl), (e) milk plasma (sld3n 



Pio. 2. Comparative tension reducing abilitj’" at water -1) utter oil interface of proteins 
iu (1) milk plasma sol A; (2) sweet cream buttermilk B, from the same milk. Readings 
at 40^^^ G. 

milk) and (d) calcium phosphocaseiiiate sol (pH 6.7), each, jier unit of 
protein, their effectiveness being in the order named. Figure 2 >shows the 
definitely greater effectiveness of sw^eet cream buttermilk over milk plasma 
proteins in reducing interfacial tension, both products being from the vsame 
original milk. 

Figure 3 shows the markedly greater effectiveness, on the protein basis, 
of buttermilks from the melted butters of washed creams (curves A and B) 
than of the free buttermilks of the same washed creams (curves C and D) 
in reducing interfaeial tension. These results seem to support the recent 
findings of Maimistova (14) that the capillary activity of the fat globule 
^‘membrane’’ is conditioned by its pliospholipide compounds. We have, in 
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our laboratory, unpublislied eYideiiee that relatively greater proportions of 
pliospliolipide remain in the butter elmrned from washed cream than is lib- 
erated ill the free buttermilk. The findings of Sandelin (21) also support 
this. 

Figure 4 shows the effects on interfacial tension between biitterfat and 
homogenized washed cream of additions to the latter of two samples of milk 
plasma (skim milk), curves A and B, a calcium phosphocaseinate sol, curve 
C, and a concentrate of free buttermilk from an unhoinogeiiized portion 
of the same washed cream which had been homogenized, curve D. The rise 



Fig. 3. Comparative tension reducing ability at water-butter oil interface of protein 
ill (1) buttermilks from melted butter of washed creams A and B; (2) free buttermilks C 
and D, sols A and 0 being from tlie same washed cream, likewise B and D., Headings 
at 40° 0. 

in interfacial tension after the inininmni had been reached in curves C and 
D suggests regions of concentration of the materials where less adsorption 
of capillary active eolloid>s on the homogenized fat globule surfaces occurred. 
Why this should be so is not clear. Attention is called to the fact that 
figure 4 requires a different interpretation than figures 1, 2 and 3 since v^e 
are probably dealing here with colloids which remain free to reduce the 
tension between the butter oil and the water phase of the homogenized 
washed cream after the fat surfaces of the latter have attracted such mate- 
rial as can be adsorbed. 

Figure 5 shows further evidence in support of the coneliisions drawn 
from figure 3, that the phospliolipide-protein complex retained by the butter 
of washed cream is more effective, on the protein basis, than the free butter- 




478 


LEKOY S. PAL'3IER 



Pig, 4. Comparative tension reducing abilitj" at Iiomogenized washed creani-hxittei* 
oil interface of proteins in (1) milk plasmas A and B; (2) a calcium phosphocaseinate 
sol C; and (3) a concentrate of free buttermilk D from an iinliomogenized portioni of 
tlie same washed cream which had been homogenized to furnish the interface. Readings 
at 40° G. 



Pig. 5. Comparative tension reducing ability at •water -butter oil interface of proteins 
in (1) concentrated free buttermilk A and concentrated aqueous phase of butter B, both 
from the same washed cream A; (2) concentrated free buttermilk C and concentrated 
aqueous phase of butter D, both from same washed cream B, Readings at 40° 0. ’ 
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milk from tlie same washed cream in re(Jnciiig the tension at a melted butter- 
fat-water interface. 

General iniporkince of ‘‘meynlorane’^ in dairy technology . The demon- 
strated fact that tlie fat phase of cows' milk is stabilized by a complex (or 
complexes) of the lecitho-protein type, involving a specific protein and hav- 
ing* associated with it concentrations of redox and phosphatase enzymes, 
suggests numerous problems involving their probable importance in dairy 
technology. Both Wiese (18) and Rimpila (20) found certain variations 
in composition of the natural membrane” which are no doubt of consider- 
able significance. The relation of these facts to vaiuous theories of churn- 
ing has been discussed by Palmer and Wiese (18). It cannot be questioned 
that there is considerable release of natural 'hnembrane” during the churn- 
ing and theories supposing the necessity of foaming and of coagulation of 
the ^hnembrane” protein are made untenable. 

Thurston and Barnhart (27) found important relations to exist between 
‘‘rieliness” of flavor in milk products and the phospholipide fractions of the 
membrane.” Thurston and associates (28) presented evidence support- 
ing their belief that certain otf flavors of milk, particularly oxidized flavor, 
are associated primarily with chemical deteiuoratioxi of the lecithin of the 
fat globule ‘^membrane” rather than with oxidation of the butterfat itself. 
Jack and Dahle (11) have presented evidence suggesting the probability 
of a double layer membrane on the surface of the fat globules, the outer 
layer of which must be removed in order to secure centrifuged cream of 
highest fat content. That the natural ‘‘membrane” material released dur- 
ing churning may explain, in part at least, the low curd tension of sw^eet 
cream buttermilk is indicated by experiments carried out in the author's 
laboratory (17a). Many of the normal properties of natural cream have 
been found to require the natural “membrane.” This is true for centrifu- 
gal cream separation, gravity creaming and churning (30) and for desirable 
whipping properties of ice cream mixes (12). For the latter the significant 
aspect is the protein-phospliolipide complex W’-hich is thus capable of being 
imitated by other natural complexes of this type, e.p., by that in egg yolk. 

SUMMARY 

The fat globules in cows' milk are wholly or partially surrounded by a 
special group of substances whose origin may be due, in part, to their greater 
capillary activity. The other surface active substances occurring in major 
concentration in milk plasma evidently constitute the outer layers of the fat 
globule surfaces if indeed they are normally concentrated there at all. The 
latter are readily removed when cream is washed by dilution with water. 
Experimental work in the author's laboratory and by numerous other work- 
ers cited, has pointed to the importance of the natural “membrane” of the 
fat globules in creaming, churning, milk flavor (both normal and oxidized) , 
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decreased curd tension of natural sweet cream buttermilk^ and in determin- 
ing tlie desirable wdiipping qualities of ice cream mixes. 
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IMPROVING THE QUALITY OP SYTISS CHEESE BY 
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It is commonly recognized that good quality in the milk is an important 
factor in the production of high quality cheese. For making Swiss cheese 
the suitability of any milk appears to be enhanced by the agitation or cen- 
trifugal treatment given milk by clarification. Orla-Jensen (20) was the 
first to observe that centrifuging milk resulted in improvement in Emmen- 
taler (Swiss) cheese by the formation of fewer and larger eyes, and that a 
similar effect resulted when the cheese milk was filtered and likewise -when 
it was agitated more than usual while being transported for a long distance. 
This process for improving Swiss cheese was first described in this country 
by Matheson in a preliminary report (16) and in a public service patent 
(17) fi‘om these laboratories. Its use has resulted in such marked improve- 
ment in eye formation and in the quality of the cheese generally that it has 
been adopted in practically all Swiss cheese factories in this country. The 
most obvious effect on the quality of the cheese is an increase in the size 
of the eyes and a decrease in their number, this resulting in a distinct im- 
provement in grade and market value. The effects on the cheese appear to 
be caused by alterations in the composition of the milk and in the physical 
condition of the constituents of the milk, both of which factors result in 
conditions conducive to bacterial action of a type which favors the develop- 
ment of the proper texture in the curd and desirable eye formation. 

Previous to 1924 little wms known as to the mode of action of clarification 
in improving the quality of the cheese. It was thought to come about 
through ^‘removal of dirt or other cellular elements from the milk^’ (17), 
and it was mentioned also (16) that the process breaks up the clusters of 
fat globules.’^ Orla-Jensen (20) believed that the improvement resulted 
from the effects of agitation in distributing uniformly gas-forming organ- 
isms, especially those associated with particles of foreign material. More 
recentb^, Guittonneau and his associates (6) indicated that particles of for- 
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Matheson, who was largely responsible for improvement in quality of domestic Swiss cheese 
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eign materia], wlien deposited in tlie cheese, act as centers of proliferation 
of undesirable gas-forming* organisms, and that the improvement in eye 
formation results from tlie removal of large numbers of the organisms that 
occur as eontamiiiants in and on the heavier particles of sediment. 

Some of the favorable effects reported as due to clarification of milk on 
cheese include increased firmness of body of Swiss cheese (16), improved 
body (3, 5, 34) and flavor (3, 5, 22, 34) of Cheddar cheese and the prevention 
of gassiness, pinholes, and sponginess (1) in the curd of Cheddar cheese. 

Eeports of the effect of clarification on the milk in the removal of ex- 
traneous matter and cellular material have sliown that the clarifier removes 
practically all Adsible sediment (10, 13, 19), that a portion of the fibrin (com- 
mon in mastitis milk) is remoA^ed (13), that from about two-fifths to about 
two-thirds of the leucocytes and body cells are remoA^ed (4, 7, 10) and many 
of those remaining in the milk are fragmented (15) , and that the proportion 
of cells removed increases as tlie temperature of clarification is increased 
(10). Some investigations liaA^e shown that the larger types of organisms 
are removed in greater proportion than the smaller ones (13), and also that, 
Avlieii the rate of floAV of milk through the boAvl is reduced, there is some 
selectiA’e remoA^al of different types of bacteria, causing actual decreases in 
plate counts (34). On the other hand, the numbers of streptococci in the 
mill^ are not reduced sigiiifieaiitly (28) and investigators (4, 7, 10, 13, 34) 
have agreed that clarification results in an increase in the total number of 
bacteria in the milk as determined by the plate count, due to breaking up 
of chains and clumps of bacteria. This change iii the bacterial flora by 
clarification does not improA^e the keeping quality of the milk, since it has 
been shoAvn that the methylene blue reduction time is often decreased (10, 
28) and that there is a slight increase in the rate at which acidity develops 
(7,19,28). 

It has been stated that clarification results in a reduetion in size and an 
increase in the number of fat globules (19, 4) in milk and breaks u}) fat 
clumps (4), It is Avell knoAvii that, at temperatures used commouly, the 
process causes a decrease in the rate of creaming and a decrease in the 
volume of graAuty cream (4, 7, 10, 14, 19, 33) ; at relatively high tempera- 
tures it causes an additional decrease in the volume ot* gravity cream (4, 10, 
33) . A reduction in the volume of gravity cream is produced also by pump- 
ing milk Avith a centrifugal pump (33), and by meebauieal agitation (30). 
The latter treatment Av^as found to break up clusters of fat globules. Agita- 
tion is believed to alter the surface characteristics and adsorption on the fat 
globules (11), with which the creaming property is associated (21) ; the fat- 
clustering agent, agglutinin, belieA^ed to be present in milk, is thought to be 
removed to some extent by agitation and centrifugal force (8) ; and the 
agglutinating material, when adsorbed on the surfaces of solid fat globules, 
can be released rather readily (27) by such a mild treatment as raising the 



IMPROVING THE QUALITY OF SWISS CHEESE 


485 


temperature to above that of the melting point of the fat. Further indica- 
tion that clarification of milk alters the nature of the fat is proAuded by eAu- 
deiice that, in the manufacture of dried milk, clarification of the milk in- 
creases the resistance of the fat to oxidative decomposition and improves the 
keeping quality (9). 

The alteration in the gaseous content of milk resulting from the cen- 
trifugal agitation in the clarifying process may be considered as another 
desirable factor attributable to clarification in the manufacture of cheese. 
Babcock (1) shoAved that the centrifuging of milk tended to preAmnt gassi- 
iiess in Cheddar cheese curd and he believed this effect Avas due to aeration, 
Avliich presumably alters conditions for bacterial groAvth and inactivates 
certain types of gas-forming bacteria. Marshall (12) found that agitation 
of milk promoted an interchange of gases, thus increasing the ratio of oxygen 
to carbon dioxide, and that, such an interchange inhibited undesirable fer- 
mentations. Kesults of Matheson (16) shoAved that the addition of ozone 
or of oxygen to milk inhibited the gassy fermentation produced by a vigor- 
ous, gas-producing, spore-forming anaerobe in Swiss cheese, Avithout ap- 
parent injurious effect on eye formation or on deA^elopment of the lacto- 
bacilli in the cheese. 

It is obvdous that clarification effects remoAml of the extraneous matter 
and also alters the physical properties of some of the constituents of milk. 
The eAudenee available indicates also that the changes produced by clarifica- 
tion result in conditions more faAmrable for the groAvth of the types of organ- 
isms that are useful in the cheesemaking process. From the Avide Amriations 
that appear in the quality of cheese made commercially from clarified miik, 
hoAvever, it appears that its effects are more pronounced in milks |)ossessmg 
certain abnormalities, and that in some eases the milk is not clarified prop- 
erly. This paper is a report of experiments designed to contribute addi- 
tional information on the effects of clarification on the properties of milk; 
to study the effects of certain related treatments of milk AA^hieh influence the 
quality of Saviss cheese ; and to verify in a quantitative AA^ay the effects of 
clarification on the quality of the cheese. During part of this iiwestigation 
there aa^s available a supply of milk selected from cows having mastitis, and 
the results of clarification studies on this milk are included because of the 
unusually pronounced impiwement that occurred Avhen abnormal milk of 
this type was clarified. 

METHODS 

In efforts to account for A^'anations in the quality of the cheese, those 
properties of milk Avhich appeared to be of possible significance were deter- 
mined in samples of the mixed milk taken from the cheese kettles. Counts 
of clusters of fat globules and of numbers of globules per cluster were made, 
at a temperature of 25° to 26° C., by means of a microscope in milk samples 
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diluted 1 : 24 in an aqueous solution containing 1.5 parts of gelatin and 1 part 
of plienol per 100 parts. Tlie phenol ^ras used as a preserrative in the 
gelatin solution after it was determined that its presence in the test did not 
affect the tendency of the fat giobiiles to form clusters. Pairs of samples 
were placed in a calibrated Levy eountiug chamber (hemacytometer) with 
double rilling and allowed to remain for one to one and oiie-fonrtli hours for 
eliisteriiig to occur before counts were made. At least 50 fields per sample 
were examined. Groups containing 10 or more globules together were 
counted as clusters. For nieasiiriiig sizes of fat globules an ordinary cover 
glass was used on the counting chamber and measurements were begun at 
once without allowing time for clustering to occur. A calibrated ocular 
inierometer disc, and also an ocular disc with circle and cross lines, were used 
ill nieasiiring and eountiug. 

The creaniing ability of milk was measured in samples held for 24 hours 
ill lOO-niL graduated cylinders of imiform height immersed in a water bath 
at 3° to 5*^ C. (graduated cylinder method). 

The creaming ability of milk was measured also by a centrifugal pro- 
cedure designed to shorten the time required for the completion of cream- 
ing and designated as the cream test bottle method. Large-bodied. 50 per 
cent, nine-gram cream test bottles were selected whieli, when filled to the 
50 per cent mark, contained not less than 55,2 ml. Two 17.6-mL samples of 
milk, a total of 35.2 ml., w^ere pipetted into each bottle and 20 ml. of water 
was added. The sample was mixed thoroughly and then centrifuged for one 
hour at room temperature in a Babcock centrifuge, after which the volume 
of cream was read ivith the aid of a light placed behind the bottle, Since 
each whole percentage division represents a volume of 0.1 ml., the |)ereeiitage 
of cream is calculated by multiplying the whole percentage unit volume of 
cream by 0.1, dividing by the volume of miilv used (35.2 ml), and multipiy- 
ing by 100. 

Methods described in an earlier publication (25) were used for deter- 
mining rennet enrd tension, rennet coagulation time, and stability to alcohol. 
Determinations of pH values w’ere made by the quinhydrone electrode 
method described earlier (23). Amounts of oxygen and of other gases were 
determined by means of the Tan Slyke (31) manometrie blood gas appa- 
ratus. The numbers of organisms in the kettle milks were determined by 
the standard plating method in tomato-milk powder agar, and the numbers 
in cheese were determined miei’oscopieally (2). The counts of mastitis 
streptococci were made in Edwaixls^ blood agar medium. 

In the cheese experiments, cheese was made in pairs from two weighed 
portions of the same lot of mixed milk, and each test cheese was made in the 
same mannerpis the control except for the experimental variations described. 
The clarifier i^ed was of the old style and studies with the new no-foam 
clarifier were ikot made. The usual clarifying temperature was 28-30'' C. 
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The internal diameter of the clarifier bcwl M'as 204 mm. (8 inches), the 
capacity 4,000 pounds per hour, and the rated speed 7085 rpiii. Each ex- 
perimental cheese weighed 55-62 pounds when removed from the press. 
Curing’ conditions and details of grading were the same as those described 
earlier (24). 

The starter culture used in the earlier experiments was 39a (now iden- 
tified as Laeiohacillus lacfis). In later experiments, either (a culture of 
Lactohacilhis hulgaricus) or Ga (a mixed culture of a laetobacilliis -with a 
myeoderma) was used. ‘While the Ga culture has been used extensively in 
the manufacture of Swiss cheese in this country for a number of years, 
studies of the lactohacilliis in this culture have not as yet shown it to be iden- 
tical with any species of laetobaeillus described in the literature. The later 
experiments included the use of Streptococcus therrnopluliis cultures in addi- 
tion to the laetobaeillus cultures referred to above. 

A penetrometer was used for determining softness of body of cured 
cheese. It consisted of a cylindrical plunger one-eiglitii inch in diameter, 
with a flat end, iiioiiiiteci on a frame, surmounted by a 200-gram weight, and 
eomiected to a needle which moved on a dial graduated to show the move- 
ment of the plunger in hundredths of a centimeter. The distance that the 
plunger sank into a small block of cheese in 15 seconds was recordedj and 
the average of five determinations was taken as the penetrometer reading. 
Determinations were made at a constant temperature of 18“^ C., and also 
usually at two different temperatures so that changes in softness with tem- 
perature could be plotted. 

EFFECTS ON PROPERTIES OF MILK 

The average volume percentages of cream obtained on 12 pans of 
samples of milk were as follows : Graduated cylinder method — clarified milk, 
10.2; unelarified milk, 10.9; cream test bottle metliod — clarified milk, 9.8; 
iinelarified milk, 10.9. 

Measurements of the sizes of the fat globules determined microscopically 
in a large number of samples showed that the decrease in creaming could 
not be accounted for on the basis of a diminution of sizes of the globules. 
There was a slight increase following clarification in numbers of those more 
than 4 jj in diameter and a more evident increase of those more than 6 p in 
diameter. Some relatively large globules (larger than 10 p) were found 
niiieh more frequently in clarified than in^unelarifiecl milk, and some of the 
largest globules were found to have apparently coalesced during clarifica- 
tion. The resulting dumbs wei’e in some eases iioii-splierieal in shape, and 
this effect was greater in milks clarified at 32® C. than in those clarified at 

21® a 

It was found that the tendency of the fat globules to aggregate in 
clusters during ereaniiiig was reduced greatly by clarification. Data show- 
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iiig tlie effect of clarification on clustering and tlie effects of different modi- 
fications of the clarifying process on the numbers of clusters are shown 
in table 1. Counts in a large number of samples showed also an average 
reduction of about 20 per cent in the numbers of globules per cluster fol- 
lowing* clarification. 

When cream that had been allowed to rise by gravity was clarified and 
remixed with the original skim milk it was found that the tendency of 
the fat to aggregate in the milk was reduced. A similar effect on clustering 
was produced when the gravity cream was agitated for 10 minutes at 40° C. 
and then remixed with the original skim milk. 

TABLE 1 


Effects of clarification and of other treatments of milk on average numbers of fat clusters 
in milk and on average extent of over-setting defect in Siviss cheese 


Treatment of milk 

Pairs of 

Pat cdusters per 
0.01 cu. mm. milk 

Eyes per cut surface 
of cheese 

samples 

Number 

Decrease 
ill number 

Number 

Decrease 
in number 

Not clarified 

■n umber 

30 

1S6 

per cent 

106 

per cent 

Clarified 


O 

61 

54 

49 

Clarifier speed 3500 rpm. 

25 

156 


77 


Clarifier speed 7000 rpm 


72 

54 

59 

23 

Clarified at 21^ C i 

26 

134 


73 


Clarified at 32° C. 1 


I 86 

i 36 

1 64 

12 

Gravity cream not clarified | 

16 

1 173 


98 


Gravitv cream clarified 


1 92 

' 47 

1 65 

34 

Gravity cream untreated 

10 

; 172 


, US 


Gravity cream heated and | 
agitated i 


! 

I 66 

; 62 

1 103 

13 


Kesults of the alcohol test showed that stability of milk proteins to 
alcohol is decreased slightly by clarifieatioiij indicating that the process 
alters the properties of the casein slightly. 

The rennet coagulation time of milk was found to be iinchanged follow- 
ing clarification. The rennet curd tension was not altered significantly. 
The pH value was usually unchanged, but in some instanees was reduced 
slightly. The methylene blue reduetiou time at 37° C. was usually not 
changed materially but in some instanees was decreased slightly. 

In experiments in w^hich 18 lots of mastitis milk were made into cheese 
(table 3), the average of the numbers of leucocytes w^as decreased by clari- 
fication from 2.4 millions to 0.7 million per milliliter, or about 70 per cent. 
The numbers of streptococci and of other bacteria were decreased also, but 
with less consistency and to a less extent. The percentage reduction in 
numbers of leucocytes tended to be greatest in those milks containing the 
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largest numbers. The reduction varied directly with the speed of the 
clarifier bowl and with the temperature at which the milk was clarified, 
and inversely with the rate of fioAv of the milk through the clarifier. 

Effects of clarification and of the addition of oxygen and of carbon 
dioxide upon the gas content of milk are shown in table 2. Clarification 
increased the oxygen eontenh decreased the carbon dioxide contend and 
decreased the total gas content. It will be noted that the interchange of 
gases resulting from clarification is in the same direction as that produced 
by the artificial introduction of oxygen, which has been shown by Marshall 


TABLE 2 

Effects of clariffcaiion, and of treatment with gases, on the percentages of gases in ■mill: 




Duration 
of gas 
treat- 
ment 

Arerage amounts of gases in 

milk 

Treatment of 
milk 

Pairs of 
samples 

Oxygen 

Carbon 

dioxide 

Nitrogen 

and 

residual 

gases 

1 Total 


71 umher 

minutes 

volumes 
per ce7it 

volumes 
per cent 

volu mes 
pee cent 

volumes 
per cent 

Clariiied 

14 


0.60 

1.75 

1.20 

3.55 

Not clarified 



0.55 

2.10 

1.20 

; 3.85 

Oxygen added* 

13 

10 

0.69 

1.84 : 

1.29 

3.82 

Normal 

1 



0.59 

1.93 

1.37 

I 3.S9 

Carbon dioxide 

1 


i 

i 



added* 

7 1 

5 ' 1 

0.52 i 

3.5S 

I 1.22 

5.32 

Normal 



i O.oS 

1.84 

1 i 

3.66 

1 


* G-as bubbled tlirougli small openings in a i^erforated coil, at rate of 25 liters per 
minute, into 700 lb. milk in cheese kettle: temperature of milk, 2S~30® C. j samples ana- 
lyzed immediately after treatment. 


(12) and by ns (16, 18) to have a favorable influ eiiee on the activities of 
desirable types of organisms in milk. 

Direct counts of Swuss cheese starter organisms made microscopically 
oil five pairs of inoculated samples of milk that were subjected to the same 
temperature conditions existing in the cheesemaking process sliow'ed that 
the growdli of the lactobaciili began considerably earlier in clarified than 
in unclarified milk and that the growth of both the lactobaciili and the 
streptococci progressed more rapidly in the former than in the latter. It 
was found also that, in milk samples held at 30^ C., clarification caused the 
oxidation-reduction potential to decrease more rapidlv. 

EFFECTS ON QUALITY^ AND PROPERTIES OP CHEESE 

Data for 369 pairs of cheese, showing the improvement of quality result- 
ing from clarification and also the effects of various modifications of the 
clarifying process, are presented in table 3. In the cheese made from normal 
milk by the usual clarifying process (group 1), practically all of the im- 
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TABLE 


Imfrovement in qiialit}^ of Swiss clieese hjf clarlfcatloii of mill:, and effects of modifica- 
tions of the clarifiiing process. (Averages for CO-Vo. ciicese cured to 3i months) 




Scores of cheese'^ 

Proportion of cheese 
in each grade 

Treatment of milk 

s-’ 

C- X 


% 



Special 

CM 

6 

Grinder 

1) Normal milk, 

clarified 

112 

points 

25A 

points 

23.0 

points 

75.2 

49.1 

erf. 

iC 

34.S 

% 

9.8 

% 

6.3 

Normal milk, not 
clarified 


1S.7 

23.S 

69.0 

11.6 

3 i .0 

40.2 

10.7 

2) Mastitis milk, 

clarified 

18 

22.4 

24.0 

73.5 


61.1 

16.7 


Mastitis milk, not 
clarified ; 


12.2 

23.2 

61.2 

5.6 

11.1 

OO 2 

61.1 

3) Clarified 


25 o 

23.0 

74.7 

2.5.0 

50.0 

25.0 


Separated 


23.0 

21.5 

71.2 


50.0 

25.0 

25.0 

4) Clarifier speed — 7000 

n™ 

65 

22.0 

OO f) 

72.0 

30.8 

32.3 

24.6 

12.3 

Clarifier speed — 3500 
rpm 


21.0 

23.5 

70.0 

24.6 

24.6 

36.9 

13.9 

5) aarified at 32= G 

63 

23.S 

22.7 

73 

44.5 

23.8 

23.8 

7.9 

Clarified at 21° C. 


21.6 

22.4 

70.5 

2S.6 

22.2 

34.9 

14.3 

6) Normal rate of flow 
of milk tliroiigli 
clarifier 

16 

24.2 

22.4 

73.6 

31.3 

37.5 

25.0 

6.2 

Slow flow, half nor- 
mal rate 


25.2 

23.S 

75.6 

50.0 

31.3 

12.5 

6.2 

7) Sediment from bowl 
returned to clari- 
fied milk 

! 

54 

23.1 

24.0 

"0 i 1 
lO.-i i 

44.4 

31.4 

13.0 

11.2 

Milk clarified, sedi- 
ment not returned 
to milk 


23.2 : 

22.0 

- 1.7 

1 

29.6 

1 29.6 

29.6 

11.2 

S) 90 -lb. gravity cream 
not clarified, 600- : 
lb. gravity skim- : 
milk clarified ' 

! j 

1 

36 

i 17.6 : 

23.1 1 

i i 

! 

1 

67.7 

! 

I 

1 5.5 

j 36.1 

27.8 

30.6 

90 -lb. gravity skim- 
milk not clarified, 
rest of milk clari- 
fied 


1 I 

22.3 

22,7 ' 

1 

i 

71.6 ^ 

j 

38.9 

i 19.4 

27.8 

13.9 

9) 90 -lb. gra%fity cream 
clarified, 600-lb. 
gravity skimmilk 
not clarified 

1 

i 

23.0 

1 1 

1 1 

i 25.0 

78.0 ; 

100.0 




90 -lb. gravity skim- ' 
milk clarified, i 

cream and rest of 
milk not clarified 


18.0 

1 ; 

j 24.0 

72.0 


i 

1 

100.0 




* Perfect score in points, according to scorecard used: eyes, 40,* body and texture, 30; 
flavor, 20; and appearance, 10. 
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proveiiieiit was in eve formation, i.e,^ the eyes were larger, less nimieroiis 
(less of the “oversetting'’^ defect), shinier, and more regular and iiiiiforiii 
in shape and distribution. There was a slight but uniform tendeiiey 
toward more of the giaesler (eiird-splitting) defect, and also more firmness 
of body, in the clarified than in the unelarified milk cheese. The former 
were generally slightly lighter in color and tended to rise somewhat more 
slowly in curing in the warm room. There were scarcely ever any detect- 
able differences in flavor. Effects of different variations of the clarifying 
process upon the extent of the oversetting defect in the cheese are shown 
in table 1. The results show a striking correlation between the reduction 
in the fat clustering tendency in the milk, as affected by clarification, and 
the reduction in the oversetting defect in the cheese. 

The greatest improvement resulting from clarification occurred when 
mastitis milk was used (group 2). Cheese made from this milk, without 
clarification, was wholly or partially pin-eyed (either pressler or nissler) 
in 15 instances out of 18. There were no pin-eyed cheese among those made 
from clarified milk. The niielarified, mastitis milk cheese was very soft 
or weak in body, relatively high in moisture content, and usually slightly 
inferior in flavor. Clarification caused an increase in firmness of body 
and a decrease in moisture content — factors wliich improve the quality of 
soft-bodied cheese. 

Statistical tabulations of data for 110 wheels made from milks in which 
the leucocyte counts varied between 250,000 and 4,000,000 per milliliter 
showed a definite relationship between the numbers of leucocytes in the 
milks and the iiicideiiee and extent of the oversetting defect in the cheese. 
There was a strong tendency for high leucocyte counts in milk to be asso- 
ciated with “slow- working” or so-called “dead” milk in the kettle, with 
relatively slow’ development of acidity in cheese on the press, and with 
weakness of body in the cheese. These conditions are indicative of retarda- 
tion of activity of starters and iiisnffieient drainage of cheese on the press. 
They w’ere improved markedly by clarification. 

The use of the separator howl did not produce as much improvement 
as the use of the clarifier bowl (group 3). In four experiments in which 
the milk was clarified twice, no additional improvement resulted from the 
second clarification. The improvement in quality w’as diminished when 
the speed of the bowl w’as decreased (group 4) and also wdien the milk was 
clarified at a relatively low’ temperature (group 5). The quality was im- 
proved when, with the bowd running at full speed, the rate of flow of milk 
through the bowl w’as diminished one-half (group 6). Results with the 
clarifier indicated that the improvement wras generally proportional to the 
agitation or force to wdiieh the milk was subjected. 

It is commonly believed that the improvement resulting from clarifica- 
tion is caused largely by the removal of extraneous matter or visible dirt. 
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HoY'ever, tlie ayerage ciiiality of c^lieese made from clarified milk was foiiiid 
to be improved sligiith', with respect only to tim body, when the sediment 
from the bowl was returned to the clarified milk and mixed in tlioroiiglily 
(group 7). Moreover, filtering tlie milk through cotton (12 pairs of cheese^ 
luielarified milk) did not improve the quality of cheese to more than a very 
slight extent. Addition of the sediment did, however, cause a rather marked 
softening of the body of the cheese, which improved the body in this ease 
because the cheese was ordinarily somewhat too firm ; the average penetrom- 
eter reading* on the cheese from clarified milk plus bowl sediment was 70; 
that on the normal controls, 45. The cheese to which the bowl sediment 
was added was also slightly more yellow and slightly less subject to the 
giaesler defect. The results indicated that improvement in eye formation 
cannot be ascribed to any great extent to the removal of visible sediment. 
It may be caused at least partially, however, by a change in the dispersion 
of the particles and by the efiects of the process in breaking up bacterial 
clusters and distributing organisms more thoroughly in the milk, as Orla- 
Jeiiseii (20) suggested. 

Results of eheesemaking experiments with gravity cream (groups 8 
and 9) indicated tliat effects of clarification on the fat in milk are appar- 
ently an important factor in improving the quality of cheese. When iinclari- 
fied gravity cream (allowed to rise for 16 hours at C.) was returned 

to the clarified milk (group 8), the quality of the cheese was so reduced 
as to make it comparable with that of cheese made from uiielarified milk. 
When the gravity cream was clarified and then returned to uiielarified 
gravity skim milk (group 9), improvement resulted which was comparable 
with that produced when all the milk was clarified. In further experiments 
made to determine effects of agitation on the fat, the gravity cream was 
wmnned to 40" C., agitated vigorously for 10 minutes, and then re-mixed 
with the iinclarified, gravity skim milk. This treatment resulted consistently 
in imxirovemeiit in eye formation. 

Prompted by results of Marshall (12) and of these laboratories (16, 18), 
referred to earlier, experiments w'ere conducted to determine the effects of 
addition of oxygen and of carbon dioxide to milk. In 13 pairs of cheese 
the addition of oxygen (amounts shown in table 2) resulted in an average 
increase of six points in the scores of the test cheese. Twelve jiairs w^ere 
made with gaseous oxygen added to uiielarified milk in the test kettle and 
with clarified milk in the control kettle. The average of the scores of the 
oxygen-treated, uiielarified milk cheese was very nearly as high as that of 
the clarified milk cheese. Seven pairs were made from clarified milk with 
gaseous carbon dioxide added to the milk for the test cheese. The addition 
of carbon dioxide resulted in an average decrease of 10 points in the scores 
of the test cheese. 

Results of counts of starter bacteria determined microscopically in 
samples taken from five pairs of cheese showed that the streptococci and 
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tlie lactobacilli, particularly the latter, muitix:>liecl more rapidly in ciieese 
made from clarified tliaii in that made from iinclarified milk. A pronoiineed 
decrease in numbers of laetobacilli be^an after the cheese was one day old, 
and this decrease was more rapid in the ■Qiielarified-miik than in the clarified- 
milk cheese. The numbers of streptococci diminished somewhat later and 
more slowly than the numbers of laetobacilli, and they also diminished more 
rapidly in the imclarified-milk cheese. At three hours after dipping the 
average pH value in 112 pairs of cheese was 0.03 lower, and at eight hours 
0.10 lower, in cheese made from clarified milk than in that made from 
Iinclarified milk. In iiearh^ every instance cheese made from clarified milk 
contained less lactose when one day old than that made from iinclarified 
milk. 

There was a consistent increase in firmness of body of cheese as a result 
of clarification. Averages of penetrometer readings at 18" C. for 70 pairs 



FKx- 1. Eelationsliip between clarification of milk and quality of Swiss cheese (19S 
pairs of laboratory clieese). 

of cured cheese made from normal milk were as follows: clarified, 35.1; 
Iinclarified, 55.0. Averages for 18 piairs made from mastitis milk were: 
clarified, 41.6: iinclarified, 67.3. In many instances penetrometer readings 
were made at two or more temperatures and changes in softness were plotted 
against temperatures of readings. It was found that the clarified-milk cheese 
tended to soften less than the iin clarified-milk cheese when the temperature 
was increased. 

The giaesler (eiird-splitting) defect oeeiirred more commonly in cheese 
made from clarified than in that made from unelarified milk ; the average 
difference in score for this defect was 0.5 point. 

Averages of composition, ydeld, and fat loss data for 150 pairs of iiiiciired 
cheese were as follows : clarified — ^moisture, 38.56 per cent ; fat in dry matter, 
47.7 per cent; yield, 9.65 per cent; fat in whey, 0'.67 per cent; iinclarified — 
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moisture, 39.19; fat in dry matter, 48.4; yield, 9.82; and fat in wliey, 0.62. 
The decrease in yield resulting from clarification Avas apparently slightly 
greater than could be accounted for by the obseiTed decrease in moisture 
content and the slight increase in fat loss in the Avhey. The loAAnr moisture 
content in clarified milk cheese is undoubtedly of some importance in im- 
proAung the qiialityj since it has been shoAvn (24) that high moisture content 
is one of the factors responsible for inferior quality. 

Data for 198 pairs of Saviss cheese, shoAving* the aA^erage improA^emeiit 
ill quality in our experiments, are presented in figure 1. A photograph 
illustrating the typical improA^ement in eye formation resulting from 
clarification of iiorniai milk is presented in figure 2. The use of the clari- 



Tia. 2. Effect of clarification in improTing the quality of Swiss cheese. No. 1249-1^ 
milk not clarified. No. 1249; milk clarified. 

fying process mth normal milk increased the average grade from No. 2 
to Special. 

DISCUSSION 

Although the removal of the extraneous matter is generally believed to 
he important in improving the quality of Swiss cheese, it was found in these 
experiments that the return of the bowl sediment to clarified milk did not 
injure significantly the eye formation of the cheese, although it tended to 
result in cheese of softer texture. The extent of leucocyte removal (about 
70 per cent) by clarification was in agreement with the work of earlier 
investigators. The pronounced decrease in number of leucocytes, con- 
sidered in conjunction vrith the fact that clarification resulted in an increase 
in the growth of the starter organisms in milk and in cheese, has suggested 
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tlie poKSsibility that one factor responsible for relatively poor quality in 
iinclarified-milk cheese made from milk having niastitic characteristics 
may be the inhibition or partial destruction of starter organisms by leuco- 
cytes. ‘Whitehead and Cox (32) presented data which they believed iiicli- 
eated evicleiiee of ability of leueocytes, partieiilarly if present in large 
numbers, to retard the activity of lactic acid bacteria by pliagoeytie inges- 
tion. Ill 0111 * work, however, microscopic examination of starter organisms 
grown in iiiisterilized, mastitis milk showed what appeared to be inconclusive 
evidence of phagocytosis of the lactobaeilli by the leucocytes. The increase 
ill acid development in cheese eight hours after dipping, resulting from 
clarification, indicates that some factor present in mastitis milk and partially 
removed or altered by the clarifier has a retarding eifeet on the growth of 
the lactobaeilli. 

The factor of agitation appears to be responsible for many of the changes 
resulting from clarification of the milk. Possibly, foremost among these 
changes is the dispersion and alteration of the fat. Results of other investi- 
gations, mentioned above, have shown that preliminary clustering of milk 
fat is essential to normal creaming. Our results indicate that the decrease 
in creaming in elariflecl milk is attributable iirimarily to a decrease in 
the clustering tendency. The evidence available agrees with the explana- 
tion of Heloiia (8) that tlie change in the clustering tendency following 
clarification or agitation of milk results from a decrease in the aiiioimt of 
agglutinating material adsorbed on the surfaces of the fat globules. 

Whether the inii)roYement in the cheese following the clarification of 
the milk or the clarification or agitation of the gravity cream results in any 
degree from the reduction in the tendency of the fat to aggregate lias not 
been determined. It is possible that when there are more large aggregates 
of fat, such as occur in nnclarified milk, these clusters of fat may form 
‘‘weak’'' areas in the cheese curd. Any such fat clusters containing foreign 
particles, which may be picked up from the milk and which are likely to 
eontaiii unusually large numbers of gas-producing organisms (6), may serve 
as foci for abnormal eye formation in the cheese. 

While the results of the experiments on the clarification and agitation 
of only the gravity cream indicated that the physical effect is largely on ' 
the fat, it eaiiiiot be concluded definitely that the beneficial effects are not 
'also partially bacteriological — tile breaking up and distributing of chains 
and clusters of organisms. Stine (29) has showm that wlien cream rises 
on milk the organisms tend to be carried iipw'ard with the fat and their 
numbers per milliliter in the cream layer may be 50 times as great as in 
the shim milk below. Schmidt (26) found an 85-fold proportion of S. Imtis 
in the cream layer. i 

The results described above on the interchange of gases oeeiirriiig during i 
clarification and on the effects of adding oxygen and carbon dioxide to 
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ciieese iiiiik indicate tliat the effect of the process on the amounts of these 
gases in milk is an important factor in controlling the type of bacterial 
fermentation in a manner favorable to the proper ripening of the cheese. 

The cheese made from clarified mastitis milk was of iiiiiisiially high 
quality in view of the known disadvantages in the use of such abnormal 
milk for eheeseniaking. It slionld be explained that the milk received 
regularly for this experimental work was from a herd having a rather large 
proportion of Jersey cows. The normal milk was therefore relative!}'- high 
in solids content and the cheese made from it was relatively firm and of 
slightly poorer quality generally than would be expected from milk contain- 
ing less solids. The effect of clarification on the experimental cheese resulted 
in greater improvement in the case of mastitis milk than in the ease of 
normal milk. 

The milk received in the factories, however, comes from herds which 
consist largely of Holst eins or of cows belonging to other breeds that pro- 
duce milk of relatively low solids content. The cheese made in most factories 
is less firm and often tends to have a soft texture and even a weak body. 
The additional softening of the body resulting from mastitic characteristies 
of the milk is likely, on the basis of these results, to be particularly detri- 
mental if the milk is not clarified. 

SUMXCARY 

Experiments have demonstrated that clarification of milk produces a 
marked and consistent improvement in the quality of Swiss cheese. Studies 
were conducted of the properties of the cheese milk for the purpose of in- 
vestigating the intermediate factors in the improvement in the cheese. 
Specific effects of clarification on milk include a decrease in the tendency 
of the fat to form aggregates upon standing, removal of a large proportion 
of the leucocytes from mastitis milk, an increase in the rate of multiplica- 
tion of starter organisms and improA^ement in results of fermentation tests, 
an increase in eonceiitratioii of oxygen and decrease of carbon dioxide, an 
increase" in the rate at AAiiieh the oxidation-reduction potential changes at 
30° C., and a slight decrease in stability to alcohol. 

Specific effects of the process on the properties of the cheese include a 
marked decrease in number and increase in size and uniformity of eyes, 
an increase in the firmness of the cheese ami in the incidence of the giaesler 
defect, an increase in the rate of multiplication of starter organisms and 
of acid formation, a decrease in moisture content and in yield of cheese, 
and an increase in the fat loss in the -\\liey. 

The effects of clarification on properties of milk and on properties and 
quality of cheese were found to be diminished by clarifying the milk at a 
relatively Ioav temperature and with a relatively slow bowl speed; they 
were increased b}^ decreasing the rate of flow of milk through the bowl by 
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oiie-lialf- and by inc-reasiiig the temperature from 21' to 32'" C. The beiie- 
fieial effects of clarification of milk for cheesemakiiig were especially pro- 
iioiiiicecl ill the ease of mastitis milk. 

Of tile iiiteriiiediate factors in the improvement of quality of clarified 
milk cheese, those that appear most significant are a decrease in aggregation 
of the fat globules, an increase in oxygen and decrease in carbon dioxide, 
iiiiprovement in eifectiveness of starters, and a rednetion in leucocytes when 
present in large numbers. 
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PREVENTION OF I.IILKSTONE FORMATION IN A HIGH-TEM- 
PERATURE-SHORT-TniE HEATER BY PREHEATING 

:milk, skim milk and whey 

E. W. BELL AXD C. P. SAXDEES 

Division of Dairy EeseareJi Laboratories, Bureau of Dairy Industry, Agricultural 
Besearoii Administration, F. S. Department of Agriculture 

111 the course of experiments on high-temperature short-time forewarin- 
iiig of milk (6) it -was observed that, when the milk was reheated, the 
pressure required to force the liquid through the heating, holding and 
cooling coils was nearly constant, whereas w^hen raw milk was heated in this 
equipment more and more pressure was required to maintain a constant 
flow. This observation seemed of such practical value as to justify an in- 
vestigation of the conditions under which the effect could be obtained, and 
an explanation of the cause. 


EXPERIIIENTAL 

The equipment wns, in general, the same as that described in a recent 
paper (6). The pump was the reciprocating type. It operated at 200 
strokes per minute and had a capacity of 90 gallons per hour. The internal 
diameter of the stainless steel tubing through which the liquid was pumped 
at the uniform rate of flow of 22 feet per second ivas 0.18 inch. Three 
seconds were required to heat and 3 seconds- to cool the liquid. "When the 
holding time wms 15 seconds, the total length of the tubing from the pump 
to the outlet at the end of the cooling coil was about 480 feet. The pressure 
required to pump water through this length of clean tubing at the rate of 
90 gallons per hour was 2,000 pounds per square inch. The resistance to 
flow of more viscous liquids wus, of course, greater. Under uniform condi- 
tions an operating pressure greater than that required when the tubing w’as 
clean was considered due to a coating of milk solids or the formation of 
“milkstone’' on the inside wmll of the tubing. 

It is apparent that, under the above conditions, even a very thin deposit 
on this tubing would be reflected in the amount of force or pump pressure 
reciuired to maintain a uniform flow of liquid. 

Wlien ra^v milk at room temperature w^as pumped through the sj^stem 
without heating there was no increase over the initial operating gage 
pressure. 

Preheating a test liquid other than in the high-temperature equipment 
w^as done in steam- jacketed hot-wells equipped with agitators. In one hotwell 
it was the practice to heat 40 gallons of liquid ; in the other, 50 gallons. The 
period required to attain the desired temperature was approximately the 
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same in each hot well. To heat from 10^ C. (50^ P.) to 65° C. (149° P.) 
took 28 nimntes; to 75° C. (167° P.), 33 minutes; to 85° C. (185° P.)? 40 
minutes; and to 95° C. (203° F.), 48 minutes. The 40 gallons of iiiilk, skim 
milk or whey were cooled by pumping over a surface cooler at the rate of 
2 gallons per minute. Prom the other hotwell the 50 gallons of milk were 
drawn into a Taeiiiim i)aii in 6 minutes, wdiere 10 minutes elapsed before the 
teiiix 3 eratiire of the vapor over the boiling milk was lowered to 40 (104° P.) 
to 45° a (113° P.). 

To determine the effect of a preheating treatment on the rate of develop- 
inent of milkstone, the preheated material was heated in the clean, liigli- 



PiG. 1, Effect of preheating treatment of whole milk on the rate of pump pressure 
increase due to milkstone formation when the preheated milk was heated at 130° 0. for 
15 seconds by pumping it through heating, holding and cooling coils of 0.18 inch internal 
diameter. Preheating treatment is shomi on each curve. Bate of milkstone formation is 
expressed as pounds per square inch increase in resistance to flow per pound of milk 
processed. 

temperature equipment in 3 seconds to 130° C. (266° F.), niamtained at 
this temperature for 15 seconds, and cooled in 3 seconds. 

In making this deterniination, water was heated in the equipment first. 
When the desired temperature conditions had been established a 2-way valve 
was turned so that the test liquid, instead of water, would flow to the pump. 
One minute after this liquid began to pass into the pump the first pressure 
reading was noted. Additional gage readings 'were recorded from time to 
time. The last pressure gage reading was made just before the valve w^as 
turned to again admit water. The difference between the first and last read- 
ings on the pressure gage was considered the total increase in pressure. 

The fresh w^hole milk wms standardized by the Babcock test and a 
hydrometer reading (2) to a f at : solids-not-f at ratio of 1: 2.29. 

The whey w’as the lo-w acid or rennet type. It was prepared from fresh 
skim milk by the addition of rennet and clarified. 
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RESULTS 

111 figure 1 are siiowii increases in pressure gage readings due to milk- 
stone formation on heating raw milk (not prelieated) to 130"^ C. for 15 sec- 
onds and milk to the same temperature and for the same holding period that 
had been preheated in the high-temperature-short-time equipment at 65, 75. 
S5, 95, and 130° C. for 15 seconds. As the preheating temperature -was 
increased less solids were deposited on the tubing. When milk that had been 
heated at 130° C. for 15 seconds was reheated under the same conditions 
only a small amount of milkstone formed. 



65 75 85 95 

PREHEATING TEMPERATURE (“C.) 

WHOLE MILK HELD AT THESE TEMPERATURES 
FOR 10 MINUTES 

Fig. 2. Effect of prelieating treatment of whole milk on the rate of pump pressure 
increase due to milkstone formation when the preheated milk and condensed milk made 
from it were heated at 130'^ C. for 15 seconds by pumping them through a high-tempera- 
ture tubular heater. Solid line represents whole milk, broken line homogenized condensed 
milk of 26.0% solids content, Kate of milkstone formation is expressed as pounds per 
square inch increase in resistance to flow per hundred pounds of whole milk processed. 

The effect of different preheating treatments of whole milk on the rate 
at which milk solids adhered to the tubing is shown in figure 2. In these 
experiments both flnid w'^hole milk and its concentrate of 26 per cent solids 
content wure used. The concentrated milk was homogenized at 60° C. (140° 
F.) and 2,500 pounds pressure before the final or test heating at 130° C. 
for 15 seconds. 
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As tlie preheating’ teinperatnre was increased the rate at which the tubing 
became coated with solids decreased until, with a preheating temperature 
of 95° C. and a holding period of 10 minutes, the rate was slow. 

In terms of wdiole milk equivalents, solids in the concentrated milks 
adhered to the tubing at a slower rate than did the solids in the preheated 
whole milk. However, in terms of iDoiiiids of eoiieentrated milk processed 
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65 75 85 95 

PREHEATING TEMPERATURE {"C.) 

WHOLE MILK. SKIM MILK AND WHEY HELD 
AT THESE TEMPERATURES FOR 30 MINUTES 

Fig. 3. Effect of preheating treatment of whole milk, skim milk and whey on the 
rate at which the pump ];iressnre increased due to milkstone formation when the liquids 
were heated at 130^ C. for 15 seconds. Solid line represents whole milk, broken line skim 
milk, and dotted line whey. 

tile rate was much faster except when the preheating temperature was below 
about 70° 0. (158° F.) and above 90° C. (194° F.) 

In obtaining the data shown graphically in figure 3 the same procedure 
was followed as in obtaining the data presented in figure 2 for whole TnilV 
except that skim milk and whey were used as well as whole milk and the 
holding period at each preheating temperature was 30 minutes. 
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DISCUSSION 

Tile formation of iiiilkstoiie on dairy equipment lias received iiiiieli atten- 
tion. It makes the transfer of heat more difficult ; the deposit is insanitary, 
is deleterious to the metal, and must he removed. Shere (5) lias described 
this deposit and recommends methods for removing it. He shows that its 
composition varies but that it is organic matter mixed with small quantities 
of substances which contain calcium and phosphorus. 

All effective procedure for cleaning the tubing of the liigh-teiiiperatiire- 
siiort-time eciiiipment was to recirculate coiitinuoiisiy through it a solution 
of hot trisodium phosphate and then, after finsliing with water, a solution 
of citric acid. The pH of the former was about 11.5 and of the latter, about 
2.0. In this way a large reduction in pressure was obtained in a few minutes 
and then, when the acid was recirculated continuously, soon there was a 
return to the pressure which was normal for forcing the liquid through clean 
tubing. If the acid was used first, only a small reduction in pressure was 
obtained, and usually only after a relatively long time. Finally" when the 
acid was followed by the alkali, the tubing was cleaned quickly. This indi- 
cates that the milkstoiie was largely organic mixed with small quantities of 
inorganic matter. The proteins of milk are more soluble at pH 11.5 than 
at pH 2.0 and calcium phosphates are soluble at pH 2.0 but not at pH 11.5. 

It is interesting to compare the relationship between the preheating treat- 
ments and the formation of milkstone with the heat denaturation of the 
soluble milk proteins, albumin and globulin. 

Eowland (3, 4) made an investigation of the amounts of lactalbumin and 
lactoglobulin denatured (rendered insoluble) by heating portions of the same 
milk for varying periods at each of several temperatures. He found that 
appreciable quantities of albumin and globulin are denatured at as low a 
temperature as 63° C. (145° F.). In the summary of liis first article he 
says, ' ' Smooth curves were obtained for the progress of denaturation with 
time at each temperature, and, over the range of 63“75° 0., the relative 
increase in velocity of denaturation for each rise in temperature of 1° C. ivas 
found to be constant, the temperature coefficient of the reaction being* 1.5.” 

In the summary of his second article Eowland states, ' ‘ The denaturation 
of albumin and globulin took place rapidly in samples of milk heated at tem- 
peratures of 75° C. and above, and was complete in approximately 60, 30, 
10-15, and 5-10 minutes at 80, 90, 95, and 100° C., respectively.” 

Bell (1) studied the effect of heat on the solubility of the calcium and 
phosphorus compounds in milk. From his results he concluded that . 
there is a loss in the soluble calcium and phosphorus contents of the skim 
milk due to heat and that the amount of the loss depends upon the tempera- 
ture to which the milk has been heated. 

‘^The results from the methods employed indicate that definitely measur- 
able amounts of these substances are removed from solution in milks heated 
to 170° F. or above.” 
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111 view of the tinie-temperature conditions required to denature all the 
albiiiiiiii and globulin in milk as shown Rowland, the continued removal 
of caieiiiin and phosphorus from solution due to heat as reported by Bell, 
and the results described in this paioer, it seems probable that the formation 
of milkstone in a high-temperature-short-time heater can be practically pre- 
vented by suitable preheating* of milk, skim milk and whey. 

SUMMARY 

1. The formation of milkstone in a higii-temperature-short-time heater 
was greatly decreased by preheating milk, skim milk and whey. 

2. There appears to be a direct relationship between the heating condi- 
tions which render insoluble some of the proteins and salts of milk and the 
prevention of milkstone formation. 
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INTRODUCTION 

For tlioiLsaiids of rears previous to the seventeenth century, milk was 
eorhsidered as having* only three components, since it was common practice 
to remove fat and curd, either separately or together, thus leaAuiig a third 
siibstanee, Avliey, ‘Whey, or serum, appears to have been used in considerable 
quantities by physicians of the time of Hippocrates and Galen and through 
the middle ages without realization that its effects were due chiefly to one 
specific eoiiiponent (8). 

The first record of the isolation of the essential salt of serum was 
published in 1633 by Bartolettus (3, 11, 15) , who in 1619 had written of milk 
as composed only of fat, serum and curd (2). Ettmiiller, in 1688 (5), pub- 
lished improvements on Bartolettus’ process of eA^aporation and included 
the purification of the crude lactose by recrystallizatioii. 

During the eighteenth eentiiry, lactose became a commercial commodity 
(1, 7, 10), its use being principally in medicine in place of the whey formerly 
used (4, 6, 8, 12, 13). The foundation of our present knoAAdedge of lactose 
was laid during the nineteenth century and from this basis there has de- 
veloped over the past fifty years the present structure of understanding of 
the characteristics and utility of this unique sugar. 

By far the greatest proportion of lactose is consumed as a component 
of milk. The lactose isolated from milk and refined is used almost entirely 
in foods for infants and invalids and in pharmaceutical preparations as an 
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excipient. Many otlier uses, such as in silTeihiig* mirrors, for preserving 
latex and oilcake and for giving a frosty appearance to certain bottled 
liqueurs, are listed by writers on lactose, but these are of negligible eorniiier- 
eial importance. Whey, because it is relatively cheap and eoutains readily 
fermentable lactose, is used as a medium for the production of lactic acid 
and riboflavin and has been advocated for use in the produetioii of ethanol 
and penicillin. 

Lactose, or milk sugar, has been found in the milks of all species of 
niaminals, the approximate range being from 2.0 to 8.5 per cent (14) . Cow’s 
milk normally contains about 4,8 per cent. No other sugar is present in any 
appreciable percentage in milk, and it is probably true that the only natural 
process in Avliieh lactose is formed is that of lactation. 

For the calculation of the lactose available amiiially in unprocessed 
whey, the data of the year 1940 may be taken as representative. In that year 
there were i3rodnced as a byproduct of cheese inanufactnre 6 billion pounds 
of sweet whey, of winch one billion pounds w'as converted to wdiey powder. 
The remaining 5 billion pounds contained 225 million x^ounds of lactose. 
There were also 2 billion pounds of whey from the niaiiufacture of casein 
and skim milk cheese, from wliich should be deducted the 200 million pounds 
of casein whey used in the production of 5 million pounds of refined lactose. 
The 80 million x'>ounds of lactose originally present in the, milk from which 
the remaining 1.8 billion pounds of whey was deinved had been in part fer- 
mented to lactic acid, w’hich reduced its degree of availability except for 
complete conversion to lactic acid. However, since sweet whey contains 
5 per cent of lactose rather than tlie conservative 4,5 per cent used in these 
calculations, 300 iiiillion ]>ounds of lactose may be considered to have been 
potentially available in unprocessed wdiey in 1940. For the war year of 
1942, the eoiTesx)onding quantity of lactose in unprocessed whey was over 
400 million pounds. 

STRUCTURE 

Beliefs regarding the structures of sugars have changed fairly frequently 
during the past fifty years and it is possible that facts yet undiscovered may 
change enrreiit views of the maimer of linkage both within and between 
moiiosaeeharides. It seems proj^er only to mention here chronologically 
the evidence tluit has led to the structure that is generally accepted for laco 
tose at the present time. 

In 1812, wFeii lactose wms first hydrolyzed (45), it was supposed that 
the siibstaiiee produced wms glucose only. The establishment of the pro- 
portions of the elements in lactose (44), the discovery that hydrolysis of 
lactose gives a sugar that is not glucose (19, 39), and the discovery of the 
akleliydic reducing action of lactose (37) in 1855 and 1856 led to the estab- 
lishment ten years later (23) of the fact that two hexose sugars, galactose 
and gineose, are the products of h^xlrolysis of lactose. 



LACTOSE AND ITS UTILIZATION; A REVIEW 


507 


111 1888, Eaiil Piselier liydrolyzed lactosoiie, obtaining giiioosoiie and 
galaetose (20)^ and in the following year lie hydrolyzed laetobioiiie acid, 
obtaining gluconic acid and galaetose (21), Since the reactions prodiieiiig 
osones and monobasic acids from aldoses take place at tlie aldehyde end of 
the sugar molecule, it was eoiicluded that the aklehydie portion of lactose 
is the glucose residue, and that the aldehyde group of galactose is not present 
as such ill lactose, but must he the x>oint of union of the galactose to the 
glucose residue. Hence lactose is a galactosyl glucose. This conclusion has 
been verified by many similar exi^erimeiits. 

Since one of the i3roduets of the hydrolysis of methylated lactose is 2. 3, 
6-trinietliygiiicose (26), the point of union of the glucose residue should be 
on either the 4 or 5 carbon. The correct choice depends upon whether the 
lactone ring has a 1-4 (fiiraiiose) or a 1-5 (pyranose) linkage. Evidence 
as to which of these rings is normal for monosaccharides and, furthermore, 
as to Aviiether the rings in polysaccharides are necessarily the same as tliose 
of the iiioiiosacciiarides formed by hydrolysis has been confusing and even 
conflicting (17, 27, 28, 30, 32, 33, 35, 36, 46), but the pyranose stnietnre (24) 
is generally accejited at xireseiit for lactose and for both tlie glucose and galae- 
tose components. That the glucose union is at carbon 4 lias been shown by 
other means as well. AViiether lactose, and consecpiently the glucose residue 
in lactose, has the alpha or beta configuration is easily decided, .since the 
designation alpha is arbitrarily assigned to the form having the greater 
rotation in the dextro direction. That the configurafioii of the galactose 
residue in lactose is of the beta form has been shown by Piselier (22), who 
found that an enzyme that hydrolyzed lactose would hydrolyze a [3-iiiethyl- 
galactoside, but not an a-metbylgalaetoside, and that an enzyme that hydro- 
lyzed an cx-galaetoside, but not a p-galactoside would not hydrolyze lactose. 
The arrangement of the H and OH groups on the other asymmetric carbon 
atoms of the liexose residues is a matter on which there is general agreement 
and will not be discussed here, except to point out that the structural differ- 
ence between glucose and galaetose is in relative arrangement of the H and 
OH groups on carbon atom 4. 

The accompanying formulas are in agreement with accepted facts. I is 
a formula rex)reseutiiig in one plane the very small percentage of lactose 
believed to be present in lactose solutions in the form of a chain, with a fiiiie- 
tional aldehyde group at carbon 1 of the glucose residue. Ila shows in one 
plane the 1-5, or pyranose rings, of the predominant, laetonie form (27). 
Ilb is a formula of the Haworth type (30), indicating the relative positions 
of eompoiieiit groups in three-dimensional space. Atoms placed above the 
carbon atoms are to be considered as on one side of the plane of the ring, 
those below on the other, the rings themselves being in different planes. A 
recent modification (18) of the Haworth scheme of representation is sliowii 
as He. Ill this scheme the 0 atoms of the lactone rings are placed at the top. 
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atoms at the right of carbon atoms are considered to be below the plane of 
the ring, those at the left above. In comparing these formulas, it shoiikl 
be noted that the iiiimberiiig system is the same in all four, and that Ila, 
Ilb, and He dhfer only in the method of representation. All four formulas 
are supposed to represent a-lactose; interchange of the positions of the 
H and OH on carbon atom 1 of the glucose residue or the corresponding 
change in the position of the lactone ring of the glucose residue converts the 
formula to that of j3-lactose. 

An anhydrous modification (31) containing five moles of a-lactose to 
three moles of pdactose has been prepared by crystallization from methanol. 
Epilactose has been prepared from lactose (25) and differs from it in the 
reversal of the positions of H and OH on carbon atom 2 of the giiieose resi- 
due, being therefore a galactosyl mannose. Neolactose (34) differs from 
lactose in that the H and OH groups on both carbon atoms 2 and 3 of the 
glucose residue are reversed in position. It is, therefore, a galactosyl altrose. 
Lactulose (38) is a galactosyl fructose. 



He 


Gynolaetose, a levorotatory galaetosylglucose, and allolactose, a dextro- 
rotatory galaetosylgiucose, have been isolated in small quantities from human 
milk (41, 43). Allolaetose is believed to be 6-P-d-galaetosyi-d-glueose (29, 
42), presumably differing in structure from lactose only in that the galactose 
residue is linked to carbon 6 of the glucose residue rather than to carbon 4. 

PHYSICAL FORMS AND EQUILIBRIA 

Miitarotatioii is a phenomenon characteristic of all natural reducing 
sugars ill water solution and in such instances is attributable to changes in 
the proportion of alpha and beta forms. The miitarotatioii of lactose solu- 
tions was first noted by Erdmann in 1855 (48). Several relevant observa- 
tions were reported previous to 1900 (47, 49, 59, 60, 61, 63), but the most 
extensive investigations of miitarotatioii of lactose solutions and of equilibria 
among the forms of lactose, both in solution and in the solid state, have been 
carried out more recently by Hudson (52, 53, 54), by Gillis (50, 62), and by 
Paris! (57). 



510 


EARLE 0, WHITTIER 


Tlw cn'diiiary lactose of commerce has tlie composition expressed empiri- 
cally by the formnia C 12 H 22 OU ' HoO, It has tlie specific optical rotation in 
water solution 89.4^, a melting point of 201. 6 C., and is a mono- 

liydrate of 4-3-d-galaetosyl-a-d-gliicose, being designated more briefly as 
^-lactose Iiydx’ate. 

"When 2 -laetose hydrate is dissolved in water, its specific rotation elianges 
gradually from -- 89.4"^ to ~ 55.5'' at ordinary temperatures, the rate of 
change being a fimctioii of the temperature, of the concentration of H and 
OH ions in the solution and of the concentration of certain other solutes. 

If an aqueous lactose solution, however prepared, is concentrated and 
crystallization is caused to take place at a temperature below 93.5° C. and 
at a moderate rate, the crystals formed are a-laetose hydrate. If, however, 
the temperature during crystallization is above 93.5° C., the crystals 
have the eoinpositioii C 12 H 22 O 11 , a specific rotation in water solution 
[o?] 2?3 =-35.0 and a melting point of 252.2° C. This form is 4-3-d-galac- 
tosyl-|3-d-gliicose and is usually designated 3‘l^<^dose anhydride or, more 
simply, 3“i^ctose. 

When ^Tactose is dissolved in water, its specific rotation changes 
gradually from -t- 35.0° to -55.5°, the solution ultimately becoming identical 
in ail respects to one prepared from a-laetose hydrate and water in corre- 
sponding proportions. The e(iuilibrium rotation of +55.5° is attained 
practically iiistaiitaiieoiisly in lactose solutions at temperatures above 70° C., 
whether the lactose dissolved was alpha or beta. 

If a-laetose hydrate is dehydrated by heating at a temperature below 
93.5° C., preferably under reduced pressure and not below 65° C., a variety 
having the composition CioHooOu is formed. Its melting point is 222.8° C. 
When it is dissolved in water, the solution manifests the same rotation and 
mutarotatioii as one eoiitaiiiiiig the corresponding quantity of the liydrate, 
and therefore this compound is designated a-lactose anhydride. This an- 
hydride is stable in dry air. but in the presence of moisture it changes to 
3-lactose anhydride at temperatures above 93.5° C., to a-lactose hydrate 
at temperatures below 93.5° C. 

A solution of lactose in a state of rotational constancy, or equilibrinin, 
at 25° C. has 62.25 per cent of its lactose in the 3 form and 37.75 per cent in 
the 2 form. The equilibrium constant is therefore 1.65 at this temperature. 
This ratio is iiiiaftected by elianges in pH value of the solution, hut is altered 
by changes in temperature, being 1.62 at 20° G. and 1.81 at 49° C. according 
to Kendrew et al. (55). According to Gillis (50) K decreases with rise in 
temperature, being 1.65 at 0° C. and 1.33 at 100° 0. 

If an equilibrated solution of lactose is practically instantaneously de- 
prived of its w^ater, as may be done by a spray or drum dryer, the resulting 
solid is an amorphous glass containing the 3 and a forms in the equilibrium 
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ratio. Drying* more slowly above 93.5^ C. iiiereases the ratio of j3 to a and 
can even result in practically pure p-lactose. 

The velocity constant of approach to equilibrium in soliitioin ki (for a to 
[3) - ko (for |3 to a), is strongly affected by changes in Temperature and in the 
concentrations of components of the solution, particularly H and OH ions. 
Hudson found the relative pei'centages of a transformed in one hour to be 
3.4 at 0° C., 17.5 at 15'' C., and 51.1 at 25'' C. At 70" the change is prac- 
tically iiistaiitaiieons. These rates should be remembered when evaluating 
claims of differences in properties of a- and (3-lactose determined by com- 
parisons made on solutions of the two forms, particularly viien such solu- 
tions have stood for some time at an elevated temperature. 

An equation has been derived by Parisi (57) for the velocity constant of 
the 3 lo a change, ko = ax^^^ in wliich a and b are coeffieients depend- 

ing on temperature and x and y are values of the rate of change as a func- 
tion of OH-ioii and H-ion concentrations, respectively, is at a iiiiniiniini 
at approximately pH 5.0 and the effects of the eoneentrations of H and OH 
ions are equal at approximately iiH 7.0. Since the effect of Oll-ion con- 
centration is niiieli greater than that of H-ioii eommntratioii, k^ increases 
more rapidly with increase of pH above 5.0 than with decrease of pH below 
5.0. Since the ratio between k^ and ki is very nearly an absolute constant, 
an analogous equation may be written for ki. In applying these equations, 
it is necessary, in converting values of pOH to equivalent values of pH, to 
take into account tlie variation of the value of Avith temperature (51). 

Values of ki and ko may be calculated from experimentally determined 
values of ki 4- ko. since ki ko is determinable from tlie ratio of the components 
of an equilibrated solution. 

An empirical equation has been formulated by Herrington (51) for cal- 
culating the niutarotational constant in terms of pH Amines : log (ki-ko) 
= 0.00415 (pH - 4.45) ™ 0,34. This equation is applicable only at 25'' C. 
and ill the absence of catalytic substances other than H and OH ions. 

The presence of lactate or of acetate in normal eoneentrations at pH val- 
ues of 4.0 to 5.0 increases tlie AUiliie of ki -i- k 2 from 4 to 8 times. Presumably 
other weak acids have similar catalytic effects. 

SeAmral conclusions may be drawn from the aboAm facts. It is not proper 
to consider the hydrate of lactose as neither a nor 3 ; but, since the hydrate 
and a-laetose anhydride liaArn. the same molecular rotation wdien freshly dis- 
soAed and sIioav the same niutarotational changes, they are properly classed 
together as of the a variety, in contrast to the 3-anhydride, Avliich has a dif- 
ferent molecular rotation. A saturated aqueous solution of lactose at 93.5® 
C. is saturated with respect to both the a and 3 forms. This does not mean 
that the tAvo forms are present in equal quantities ; the equilibrium persists. 
A saturated solution at temperatures aboAm 93.5° C. is saturated AAith respect 
to 3? blit not Avith respect to a- A solution saturated at temperatures below 
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93.5''' C. and in a-13 equilibrium is saturated witb respect to a, but not to (3. 
Tiioiigii l3"]actose hydrate has not been prepared, it can be predicted that it 
would be more highly soluble than the (3-anhydride and, in the solid form, 
would be unstable, changing to the p-anhydride above 93.5° and to the 
a-liydrate below 93.5° C. The transition point for solid a-lactose hydrate 
^ solid p-laetose anhydride is 93.5° G. A transition point for solid a-lactose 
anhydride solid j3-laetose anhydride cannot exist below the melting points 
of the two forms. 

Two representations have been otfered for the equilibria in lactose solu- 
tions (50, 54) : 

1. a-form - H 2 O ^ hydrate H 2 O -h 3-form 

(fast) (slow) 

a-anhvdride (-eH 20 ) ^ a-hvdrate 

2. II if 

3-anhydride (- HoO ) ^ 

Objections have been raised to the first on the grounds that it postulates 
relative speeds of equilibration that must be considered reversed in magni- 
tude for the analogous equilibria for maltose, and that, since the hydrate is 
assumed to have a terminal group — CH(OH )2 and therefore to be neither 
a nor 3? it contradicts the existence of the laetoiiie structure for the hydrate 
and the asymmetry of the terminal carbon atom. Both representations are 
open to objection in that the assumption is made that lactose exists in solu- 
tion in both the anhydrous and monohydrated forms, three forms in the first, 
four in the second, and, by implication, in no other degree of hydration. 
Preeziiig-point measurements have indicated that lactose in solution may be 
hjdz’ated with an average of 3 to 6 molecules of water per molecule of lactose, 
the precise number depending 011 the concentration of the solution (66) . In 
any ease, the assumption that the degree of hydration of solid forms is an 
index to the degrees of hydration of forms in solution lacks adequate support. 
On the basis of current knowledge, inclusion in the representation of equi- 
librium ill solutions of lactose of details involving hydration seems unjusti- 
fiable, 

SOLimiLITY AND CRYSTALLIZATION 

The solubility of lactose in water is shown in table 1, which contains ex- 
perimental and calculated values of Hudson (72), of Gillis (68) and of 
Leighton and Peter (74). The value for the initial solubility of 3-lactose at 
0° C. is the result of a direct determination, that at 100° was calculated from 
the final solubility of lactose at 100° on the assumption that the equilibrium 
constant K equals 1.50 and that the solubility of one form of lactose is un- 
affected by the presence of the other form in the solution. The values for 
initial solubility of a-laetose above 25° C. were calculated on the basis of the 
same assumptions. Gillis claims to have shown that the solubility of either 
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form, is iiiiaffeetecl by tlie presence of tlie other and, by theoretical ealeula- 
tion and by experiment, to have proved that the equilibrium constant Iv 
decreases with rise in temperature. Kendrew and Moelwyii-Hiighes (55)^ 
on the other hand, have both calculated and determined values of Iv that 
increase with rise in temperature. Until one can be sui’e as to the effect of 
temperature on the value of the equilibrium constant, the magnitude of 
imitiial solubility effects will be nncertaiii. 

The values of final solubility are the same regardless of the form initially 
dissolved and refer to solutions in a-p e<.|uilibrium and saturated with the 
a form if below 93.5° C., with the |3 form if above 93.5° C. 

TABLE 1 


Sol ul)ilU It'S of 



Initial solubility i 

Final sdliibility 

Siipersoliibilitr 

J, dl i X i x l Li i u 

a 

3 


fj. per 100 (L 

0 - por lOo g. | 

//. pt /* 100 g. 

g. per IvO //. 


•Kata’ 

■Kiiitr ; 

•n'atcr 

water 

0 

5.0 

45.1 i 

11.9 

25 

15.0 

7.1 


16.9 

38 

25.0 

S.6 


21.6 

50 

39.0 

12.6 


31.3 

74 

49.0 

17.S 


42.4 


59.1 





.59.1 



63.9 




64.2 


64.0 

26.2 



, 65.8 


73.5 



S4.5 

i 

74.0 

34.4 


1 86.2 

1 

70.1 

i 

1 

98.4 

1 

S7.2 



1 122.5 


88.2 



127.3 


89.0 

55.7 


139.2 


100.0 


94’7 

157.6 


107.0 



177.0 


121.5 




227.0 


133.6 



273.0 


138.8 



306.0 

i 


The supersolubility values for lactose are definite and readily repro- 
diicible. In general the supersolubility at any temperature is equal to the 
saturation value at a temiterature 30° C. higher. The practical significance 
of supersolubility lies in the fact that solutions supersaturated to a degree 
not exceeding the supersolubility value will not crystallize, even if the solu- 
tion is agitated, unless lactose crystals or particles of some isoinorplioiis sub- 
stance are introduced. Even then, a general crystallization may not occur., 
but only growth of the nuclei ensue. Herrington (70) has demonstrated 
that solutions saturated wutli lactose at appxmximately 50° C. may be cooled 
to 0° C. without spontaneous crystallization taking place, provided the solix- 
tioiis are not agitated. 
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It siloiild be berue in mind that solutions of lactose supersaturated to 
more than a slight degree may be supersaturated to both a- and [3-lactose. 
From such soliitionsj either form may be made to crystallize initially by 
seeding witli the desired variety. If the form initially separating is the 
one more soiiible at the temperature of the solution, a subsequent seeding 
tvith the less soluble form will cause the less soluble form to crystallize and 
tlie more soluble form to redissolve until both solubility and a-[3 equilibria 
are established in the solution. 

In the crystallization of lactose at ordinary temperatures from a solution 
seeded Avith the a-hydrate. two factors are involved — the degree of super- 
saturation and the rate of change of [3 to a tending to maintain equilibriiiin. 
The rate of crystallization has been studied at temperatures in the range of 
- 5’" C. to 30^ C. (77) and it has been found that for the first two and one- 
half hours, the rate of crystallization is greater at 30° C. than at 25° C. or at 
any lower temperature. The quantity of lactose separated is greater at 
30° C. than at any loAver temperature until about seven hours have elapsed. 
The most efficient method of crystallizing lactose should be to cool the solu- 
tion to 30° C.y to seed it and stir it at 30° for about 3 hours, then to cool it to 
near 20° C. and to hold it at that temperature for 3 or 4 hours or until a 
eonvenieiit time to filter. Tliere is a definite disadvantage in crystallizing 
at temperatures below 20° C. 

Ill a nearly saturated sucrose solution the solubility of lactose is about 
one-half ivliat it is in pure Avater (75). Lactose in solution is about one- 
sixth as sweet as sucrose (67), but the solid sugar seems even less SAveet be- 
cause of its comparatively Ioav solubility and the hardness of its crystals. 
Solid lactose produces on the tongue a sensation similar to that produced by 
sand; in fact, the so-called ‘'sandiness^’ of iee cream is caused by the pres- 
ence of lactose crystals. 

Lactose is insoluble in 95 per cent ethyl alcohol, in methyl alcohol, and in 
ethyl ether. Pyridine saturated Avith lactose at 25° C. contains 2.18 per 
cent of the sugar (71) . Lactose may be dissolved in AA'arm acetic acid, either 
dilute or glacial, from Avhieh it separates nnehanged on cooling (76). 

OTHER PH YSirO- CHEMICAL DATA 

Lactose acts as a Aveak polybasic acid, binding U\o moles NaOH per mole 
of sugar and possibly more. Tallies for the apparent acid dissociation con- 
stants according to seA^ral inA-estigators are : the first constant, 1.05 x 
0.76 X 10~^k 1.20 X lO""^- ; the second, 3.6 x 10"^*^, 3.0 x 10"^“^, 3.63 x 10"^^ ; the 
third, 1.7 x ; the fourth, 1.6 x 10"^^ (84, 93, 96). 

The coefficient of cubical expansion of lactose is 0.00911 per degree be- 
tAA^een 0° C. and 100° C. (87). The specific graAUty of the a-hydrate is 1.5453 
(81), that of the [3-aiiliydride 1.59. The specific gravity of lactose solutions 
is not a straight-line fiiiietion of concentration, being affected by a contrac- 
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tioii wiiicli lias a iiiaxiimiiii value of 0.593 ml. per 100 grams of solution at 
20° C. at a coiieeiitration of 54.03 per cent. Siieli a solution contains 18 
moles H 2 O per mole C 12 H 22 O 11 . 

Tlie refractive indices of tlie tomahawk-shaped crystals of a-hydrate are 
given as a = 1.517, j3 = 1.542 and y = 1*550 (89), and as a = 1.517, j3 = 1.553 
and Y = 1.555 (97). The refractive indices of crystals of j3-lactose are given 
as a = 1.542, j3 = 1.572 and y = 1.585 (97). The ratios of -the axes of crys- 
tals of a-hydrate are given as a : h : c = 1 : 0.6215 : 0.2193 (92) and as a : b : c 
= 1:0.3677:0.2143 (95). The ratios for the axes of cr^^stals of (3-Iaetose 
are given as a : b : c = 0.817 : 1 : 0.377 (97). The values mentioned are for 
crystals of the forms usually seen. However, "the crystal habit of each 
variety of lactose is influenced greatly by conditions under which crystal- 
lization takes place. The different types of lactose crystals are discussed 
in detail by Hunziker aiiclNissen (86) and by Herrington (83). 

The specific heat of the hydrate is 0.299, that of the (3 form 0.2895; the 
iiioleeiilar heat of the solid hydrate is 107.6 eal., that of the solid (3 form 
99.0 cal. ; the apparent heat of either form when it is dissolved in water is 
147 eal. (90). Other therniochemieal data are given in table 2. Extensive 


TABLE 2 

TJiermocltemical data 071 Jacto>ie. 20° C. 


Heat of 

a-liyclrate 

g -anhydride 

a - anhy- 
dride 

Ref. 


eal. per 

Cal. per 

cal. per 

Cal. per 

cal. per 



gram 

mole 

gram 

mole 
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Conibustioii 

3945.0 

1420.0 

4162.0 

1423.0 


91 

k 1 

3736.8 

1345.2 

3951.5 

1351.4 


94 

i { 

3761.6 

1354.7 

3932.7 

1345.5 


79 

i i 

3948.0 

1421.0 




88 

Format ion from elements 


610.8 


535.6 


94 

i i i 1 it 


593.5 


534.4 


79 

>Solution, initial 

- 12.0 




- 2.3 


+ 7.3 

85 

^ ^ final 

- 11.4 


- 2,7 


+ 7.9 

I 85 

Transition to |3 

+ 1.0 




+ 1.0 

85 

Transition to equilibrium 






mixture 





+ 1.3 

85 









data on heat capacity and entropy of lactose will be found in papers b.y 
Anderson and Stegeman (78) and Purtsch and Stegeman (82). 

MANUFACTURE OF LACTOSE 

General consideraiions. The refined lactose of commerce is a white, 
odorless powder consisting of crystals that have been pulverized sufficiently 
to pass a No. 100 screen. It is at least 99.7 per cent pure as determined by 
the polariseope and contains not more than 0.050 per cent ash, not more than 
0.020 per cent nitrogen and not more than 0.020 per cent fat, It complies 
with the U.S.P. heavy metals test and its solution in water is clear, colorless, 
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odorless and neutral to litmus papei’. More stringent standards are re- 
quired for bacteriological and other special uses. 

For use in modifying milk or as a substrate for fermentation processesj 
lactose containing comparatively large percentages of the other components 
of whey is not ordinarily objeetionahle, and in some instances the presence 
of these substances is desirable. However, lactose containing excessive 
quantities of nitrogen eomi^ounds develops unpleasant odors if stored for 
any considerable time under ordinary conditions of humidity and tempera- 
ture, and this fact should he borne in mind when the cruder grades of lactose 
are being produced for other than immediate use. 

The whey remaining as* a byproduct from the manufacture of casein by 
precipitation with hydrochloric acid is the source of nearly all the lactose 
produced in the United States. The whey from casein precipitated by 
means of sulfuric acid is objectionable because of the difficulty of removing 
slightly soluble sulfates that impart cloudiness to lactose solutions. The 
whey from casein precipitated by the lactic acid produced by bacterial fer- 
mentation of part of the lactose in the milk is not used because of the rela- 
tively low percentage of lactose left in the whey. Lactose can be made suc- 
cessfully from sweet whey derived from the manufacture of cheese or rennet 
casein, the processes differing slightly from that employed when casein whey 
is used. 

"Whey contains on tlie average 5 per cent lactose, a small fraction of a 
per cent of fat and 1.6 per cent of protein plus ash. In casein whey there 
is usually about 0.85 per cent protein and 0.75 per cent ash, in rennet-cheese 
■whey 1.10 per cent protein and 0.50 per cent ash. The difference in the 
percentages of ash is attributable mainly to the calcium phosphate which is 
present in casein whey in appreciable quantities, but in rennet whey in prac- 
tically negligible quantities. Rennet whey contains a small percentage of 
aeid-precipitable protein. 

If casein whey is concentrated there is obtained a viscous, sirnpy mass 
from which lactose will not crystallize (104). If the whey is adjusted to 
neutrality from its initial pH value of between 4.0 and 5.0 and then con- 
centrated without filtration, crystallization is still difficult. In order to ob- 
tain efficient crystallization of lactose from casein whey, it is necessary to 
remove the neutralization precipitate, which consists largely of the calcium 
phosphate mentioned above, and it is desirable to remove the heat-coagiilable 
protein. Rennet whey when adjusted to neutrality forms no neutralization 
precipitate. 

The facts given above are necessary to an understanding of some of the 
procedures employed in obtaining crude lactose from whey. 

Mmiufadure of crude lactose. Casein whey is heated in iron tanks with 
live steam to the boiling temperature (117, 121). During the heating, milk 
of lime is added gradually until the pH value of the whey is 6.2, or the titrat- 
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able acidity is about 0.05 per cent, expressed as lactic acid. Excess of lime 
should be avoided. It is not necessary to boil the whey, since the coagula- 
tion of the heat-preeipitable protein will be complete at slightly below the 
boiling point. The batch is allowed to stand for a few minutes to allow the 
coagulum of protein and calcium phosphate to separate from the clear liquid. 

The clear whey is drawn to a storage vat that feeds to a double-effect 
vertical evaporator, the sludge being held back for filtration later. Evapo- 
ration of the water is continued until the whey has a eoneeiitratioii of 20 
Baiinie, or 30 per cent lactose. Foaming during evaporation may be iiiiiii- 
mized by having the evaporating x^an clean at the start and by adding foam- 
reducing oils. 

The thill sirup from the evaporator is filtered through cloth in a filter 
press and is followed by the slndge from the coagulation vat, the press thus 
being cleaned of adhering sirup. The wash whey may be eomhiiied with the 
filtered sirup, but preferably is run to the storage vat for clarified whey. 

The thin sirup is next concentrated further in a single-effect vacuum j^an, 
in which it is brought finally to a concentration of about 40® Be., the exact 
eoiieeiitration being determined by experienced operators by observing the 
degree of crystallization, or “graining,” that has taken place. Toward the 
end of the graining process, some operators add hydrochloric acid, prin- 
cipally to dimmish foaming, but also to prevent darkening of the >sugar and 
precipitation of salts. 

The hot mass is dropped from the pan into crystallizing vats, in which 
crystallization may be allowed to contimie for several days. It is usualh^ 
considered preferable to employ crystallizers equipped wuth slow-speed 
agitators and jackets in which cold water can be circulated. In these, the 
temperature of the crystallizing mass can be brought in a short time to about 
30® C .and later still lower. By controlling the amount of agitation and the 
rate of cooling, it is possible to obtain uniform crystals of any desired size. 

When crystallization is eomx)lete, the soft, wet mass is run to a sugar 
centrifuge, w^here the crystals are freed from mother liquor and washed with 
cold water. The washings are run to the vat for clarified w^hey and the 
mother liquor may he concentrated to obtain a second crop of crystals. Be- 
cause of increased viscosity of this second simp due to accumulation of salts 
and other substances, it is somewhat difficult to separate the second crop of 
crystals. The second mother liquor is discarded. 

The wet, crude lactose should either be refined promptly or dried in a 
tunnel dryer to avoid spoilage. 

The first crop should comprise about 70 per cent of the sugar present in. 
the whey and contain between 85 and 90 per cent lactose. It wdll be slightly 
yellowish in color. 

If so desired, cheese whey may be used by the procedure described for 
casein whey, provided the whey is evaporated to a thin sirup of about 18®^ 
Be. concentration before, rather than after, liming and heating. 
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If a sweet wliey, siieli as that from tiie inakiiig of Swiss cheese, is used, 
the costly operations of boiling- and preiiiniiiary evaportition of the whey and 
the filtration of the thin sirup and sludge may be avoided (102, 103, 116). 
The whey is neutralized to a pH value of about 7.0, or a titratable acidity, 
expressed as lactic acid, of 0.04 per cent, evaporated under vaeiiiini to a 
concentration of 32'' Bt\ (read at 50° C.), or 62 per cent total solids, and the 
lactose grained and crystallized. The filtrate from the centrifugal separa- 
tion of the sugar may be dried, preferably in a spray dryer, to produce a 
whey powder relatwely low in proportion of lactose and high in soluble pro- 
tein, milk salts and riboflavin. This product is highly desirable for modi- 
fying milk and for general food use. 

The procedure for obtaining crude lactose may be modified in such a way 
that a sugar suitable for some technical uses may be made by only one crys- 
tallization (127). Such a lactose contains very little protein and forms in 
water a clear but slightly yellowish solution that does not foam appreciably 
on boiling. After the hot, limed whey has been separated from the coag- 
uliim of protein and ealeium phosphate, its temperature is regulated to the 
range of 56° to 58° C. and one part of trypsin is added for each 10,000 parts 
of whey. The action of the enzyme is allowed to proceed for about an hour, 
the temperature being held betw^eeii 56 and 58° C. At the end of the Iiold- 
ing period, the protein will be broken down into more soluble units which 
will not coiitaininate the sugar when it is crystallized later. A sample of 
the treated whey should not show precipitation when triehloro-aeotie acid is 
added. The wTiey is evaporated to 20° Be. and the sirup decolorized, about 
one pound of carbon being recpiired for each 1000 pounds of sugar in the 
sirup. It is then filtered, evaporated to 40° B€\, and the sugar grained, 
crystallized, centrifuged, washed and dried as previously described. 

Lactose has also been made as a byproduct of a process conducted pri- 
marily for the purpose of reducing the lactose content of skim milk that 
is to be used in the manufacture of ice cream (113, 126). This procedure 
is based on research of Leighton and Levitoii (112), which demonstrated 
that the addition of cane sugar to skim milk before condensing lessens the 
viscosity of the concentrated milk to such a degree that crystallization of 
lactose takes place readily and the separation of the crystals by mechanical 
means is easily accomplished. 

The procedure recommended is the following : 5.9 pounds of cane sugar 
is added to each 100 pounds of skim milk, the mixture is forewarmed to 63° 
C. for 10 minutes, concentrated under vacuum to 70 per cent total solids, 
transferred to a crystallizing vat, cooled to 25° C., held over night and 
the crystallized lactose separated by means of a centrifuge or filter press. 
About 65 per cent of the lactose in the skim milk is removed by this pro- 
cedure. The crystals are coated with protein and require a refining treat- 
ment. 
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A process of extracting lactose from sprav-dried wliey lias been devised 
by Leviton (114, 115). The dried wbey should be fresh I}' made or should 
have been stored in a cool, dry place, since the success of this procedure 
depends on the lactose being in the amorphous state in the powder. The 
dried whey is stirred raiiidly into 15 times its weight of 76 per cent (by 
volume) ethanol and, after three minnte>s, the insoluble protein is removed 
by filtering through a filter press. The filtrate is acidified to a reaction of 
about pH 3.6 and allowed to crystallize over iiiglit. The lactose is removed 
by means of a centrifuge. Eighty per cent of the lactose in the first filtrate, 
or 75 per cent of that in the dried wdiey, is obtained as a wdiite sugar of 
high degree of purit 3 v If 95 per cent ethanol is used, the yield is somewhat 
less and the sugar is in the form of the equilibrium mixture. 

Several other methods of separation of lactose have been advocated, sueli 
as the drying of w^hey, followed by fractional extraction with water (109, 
111) ; the freezing out of water from wliey below^ C., followed by erystah 
lization of the lactose at 0^ C. (106) or extraction with alcohol (108) ; and 
the drying of clarified w^hey (125). Many patents have been issued on 
special methods of clarification of wiiey. 

Befining of lactose. For refining (117, 122), the crude sugar is dissolved 
with the aid of live steam in sufficient w’ater to give a coneentration of 20° 
Be, To this sirup are added one-fourth pound of a filter aid and one pound 
of decolorizing paste per 100 pounds of crude sugar in the hatch. The de- 
colorizing paste consists of four parts decolorizing carbon, one part hydro- 
chloric acid and enough water to make the paste easy to handle. The batch 
is heated to boiling and sufficient hydrochloric acid added to produce a titrat- 
able acidity of 0.09 per cent, expressed as lactic acid. It is desirable at this 
point to allow’ the batch to stand over night in order that the decolorizatioii 
process shall reach its maximum effectiveness. The following morning the 
solution is reheated to near the boiling |)oint and sufficient milk of lime 
cautiously added to reduce the acidity to 0,05 per cent, or to give a pH value 
of betw’een 5.4 and 5.8. An experienced operator can judge the proper re- 
action by the degree of flocculation. The solution is then boiled vigorously 
for a few minutes and allowed to stand until tlie fioeeulated mixture of car- 
bon, protein and insoluble salts has settled. It is then filtered, first through 
cdoth in a filter press and again through a sheet of fine-mesh, rag paper sup- 
ported between tw’o perforated copper disks. If the filtered sirup is cloudy, 
insufficient lime was used ; if the filtration is slow^ or the solution is colored, 
too much lime was used. 

The filtered solution is acidified with hydrochloric acid to ensure that 
the salts and protein still present will remain in solution, then evaporated 
to 40° Be., and the sugar grained, crystallized, centrifuged and washed with 
cold water as in the process for crude sugar. The mother liquor is run to 
the vats for storage of 20° Be. sirup for crude sugar production. The wash 
w^aters are used for dissolving crude sugar for refining. 
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The wet lactose, after being tested to make sure that it is of the desired 
purity, is dried in a tunnel or a rotating driiiii at a temperature of approxi- 
mately 80° C. From two to three hours are required. The air circulated 
to the dryer should be filtered through oil-treated glass wool to remove any 
dust particles that may be present. 

The dried sugar is transferred to covered 'hoppers from which it goes 
to a pulverizer, where it is ground until practically all Avill pass a No. 100 
screen. The lactose is i)acked in barrels having two liners, the one next to 
the wood being of -waterproof paper, the one next to the vSiigar being of fine, 
unbleached muslin. 

The yield of refined lactose is ordinarily expected to be not less than 50 
X^er cent of tlie sugar present in the wdiey, but skillful operation of the 
refining steps will increase the overall yield to 60 per cent. 

Manufaeiure of beta lactose. Because beta lactose is initially more 
soluble than alpha lactose, there has developed a demand for beta lactose that 
has been met by the devising of several practical processes for the conversion 
of alpha lactose partially or entirely to the beta form. 

Drying lactose solutions by the spray process x>i*oduces a mixture of the 
alpha and beta foniis in approximately the equilibrium ratio (105). This 
mixture is more soluble than alpha lactose initially, but less soluble than the 
mixture of the two forms in the ratio of their individual solubilities. It has 
a high rate of solution because of its fine amorphous condition, but is hygro- 
scopic and has poor wetting properties. 

A sugar containing between 90 and 99 per cent of the beta form may 
be made by drying lactose solutions on a drum dryer. The product is some- 
what less amorphous in api)earanee than spray-dried lactose, is much less 
hygroscopic and has relatively good wetting properties. Bell (105) recom- 
mends drying a preheated 80 per cent solution of lactose on an atmospheric 
drum dryer with a steam pressure of 65 to 75 pounds and a drum speed of 
5 to 7 r.p.m. Under these conditions lactose containing over 90 per cent of 
beta sugar has been produced. The critical factors of speed and tempera- 
ture would probably have to be determined experimentally for any specific 
drying unit. Increasing the speed of drying beyond a certain rate decreases 
the proportion of beta lactose in the dried product. 

The process of Suppiee and Flanigan (123) consists of drying a lactose 
solution in the form of a film on a heated surface at a temperature above 
100° C. and removing the film from the surface while it is still a paste con- 
taining at least 2 per cent water. The lactose crystallizes in the beta form 
and the heat remaining in the paste completes the drying. 

Sharp's earlier process (118) consisted of adding alpha lactose to a 
saturated solution maintained at a temperature above 93.5° C. and removing 
an equivalent quantity of lactose in the beta form. ■ Since a solution super- 
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saturated with lactose above 93.5° C. is more highly supersaturated with 
respect to the beta form than to the alpha and since eciuilibriiim between the 
two forms in solution is established very rapidly at that temperature, the 
beta form crystallizes readily and, at saturation (iindersaturation with re- 
spect to alpha), alpha can dissolve and will reappear as crystals of beta. By 
filtration in a heated centrifuge, a sugar containing a high percentage of 
beta lactose is obtained. 

More recently, Sharp and Hand (119) have developed a procedure 
W'hereby dry alpha lactose hydrate is heated in a closed container to 120°- 
130° C. Ill the presence "of the wmter vapor formed, a solution of alpha 
lactose forms on the surface of the crystals and beta lactose crystallizes 
from this solution. "When the conversion is complete, or at a desired stage 
short of completeness, the water vapor is allowed to escape. 

The method of Yerschuur (110, 124) has apparently not been tried on 
a large scale, but is of interest because of the claim made that the beta lactose 
contains no alpha and because of the unusual procedure employed. Pyridine 
is added to a boiling solution of lactose in water. Pyridine and water are 
distilled off and then more pyridine is added and the distillation eoiitinued. 
Beta lactose crystallizes from the solution as the proportion of water present 
becomes small. The crystals are washed with boiling pyridine and finally 
with hot ethanol and dried. 

HYDROLYTIC PRODUCTS 

Lactose may be hydrolyzed by lactase from the wall of the small intestine 
•of mammals (131, 133, 134, 135, 137, 139), by einulsin from almonds (134), 
by lactase secreted by lactose-fermenting yeasts (128, 129, 130, 132, 142, 143) 
and by dilute solutions of strong acids (136, 138, 140, 141). Glucose and 
galactose in equal quantities are the immediate products of the hydrolysis. 
The enzymatic hydrolysis of lactose has not been developed commercially, 
largely because of the difficulty of obtaining an adequate supply of enzyme. 

The rates of hydrolysis of the different forms of lactose have been found 
to be the same (141). The half-period of hydrolysis of lactose in 3 per cent 
solution in 0.05 molar hydrochloric acid at 98° C. is 125 minutes; in 18 per 
cent solution, 94 minutes (136). A 10 per cent solution containing only 
sufficient hydrochloric acid to give a |>H value of 1.2 to 1.3 is practically 
completely hydrolyzed at 150° G. in an hour. (138), A sirup made under 
these conditions, concentrated and neutralized has a pleasing flavor and 
no objectionable saltiness. If eoiieentrations of lactose greater than 10 per 
cent are hydrolyzed by this procedure, other products, some of which have a 
bitter taste, are produced at the expense of part of the hexoses. It is possible 
to remove the bitter substance by treatment with carbon. The other prod- 
ucts are desirable in that they largely prevent crystallization of the sirup. 
The most satisfactory sirups have been made by the hydrolysis of 30 per 
cent lactose solutions. 



522 


EARLE 0. WHITTIER 


PYROLYTIC PRODUCTS 

It is a common obseiwation that milk on heating gradnally becomes 
brown, and it is known that lactose is involyed in this color formation (145, 
157). Ramsey et ah (154) claim that caramelization plays no part in the 
discoloration of dairy products, but that lactose-casein compounds are 
formed. Kass and Palmer (150) interpret the change as the caramelization 
of lactose under the influence of casein followed b}" the adsorption of the 
laetocaramel on the casein. It is clear that casein promotes the color forma- 
tion, that it is accelerated in the presence of phosphates and that boric acid 
and sodium bisulfite, by forming compounds with lactose, hinder the devel- 
opment of color (152, 155). Lactose is the source of the acid, presumably 
largely formic, that is formed in heated milk (144, 156). 

Pyrocatechol has been found in the products of heating a lactose solution 
to 280° C. under pressure (148). Heating lactose in a solution of sodium 
hydroxide has yielded a considerable quantity of lactic acid and smaller 
quantities of formic acid and pyrocatechol (149). Succinic acid has been 
identified among the products of fusion of lactose with potassium hydroxide 
(147). 

Lactose hydrate loses all its water of hydration below 130° C. The glassy 
mass formed is very hygroscopic, this characteristic making it very difficult 
to obtain constant weight in drying dairy products and causing caking of 
the dried dairy products containing anhydrous lactose. At 150 to 165° 0. 
lactose becomes yellow in color and at 175° C. it becomes brown, emits a 
characteristie odor and loses about 13 per cent of its original weight (151). 
This brovm material contains anhydrous lactose, a substance insoluble in 
water, water-soluble laetocaramel and presumably other substances. The 
caramel may be isolated by first grinding the mass in warm alcohol and 
removing the lactose by filtration, and then evaporating the filtrate to a 
sirup, diluting with water and filtering again. This filtrate is evaporated 
to dryness and the residue dined at 100° C. The final product has a com- 
position corresponding to Ci 2 H 2 oOio- A substance having the same empiri- 
cal formula has been obtained by Pictet and Egan (153) by dehydrating 
lactose at 185° C. for 10 to 12 hours under vacniim. They believe it to bb 
laetosan, i.e., galactosyl giucosan. It is insoluble in alcohol and has reducing 
properties. At 105° C. in the presence of zinc chloride it polymerizes to 
form a compound having no reducing properties. Hami and Hudson (146) 
by pyrolytic distillation under vacuum have obtained 6.5 grams each of a 
d-giiieosan and d-galactosan from 100 grams of lactose. 

OXIDATION PRODUCTS 

The products obtained by the oxidation of lactose depend on the oxidation 
potential and concentration of the oxidant used, on the temperature and pH 
value of the reacting mixture and possibly on other factors. 
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Potassiiini permau-gaiiate oxidizes lactose in either acid or alkaline solu- 
tion quantitatively to carbon dioxide aiul Mnter (175, 176). Oxidation by 
nitric acid may yield iniicie and saecliarie acids quantitatively or, if the 
acid is sufficiently concentrated or hot,* it may cause further oxidation to tar- 
taric, racemic, oxalic and carbonic acids (165, 169). One product of the 
oxidation of lactose by ehroinie acid is furfural (160). Bromine oxidizes 
lactose in solution to laetobionic acid. In the presence of a buffer this is 
the only product, but without buffer, the hydrobromic acid formed causes 
•hydroh\sis, the final products being gluconic and galaetonic acids (162, 166, 
167). Beta lactose is much more rapidly oxidized by bromine than is alpha 
lactose (168). Iodine reacts with lactose under pressure at 100° C. to give 
formaldehyde, formic acid and a humic substance eoiitaining iodine (182). 
Neutral hydrated cupric oxide oxidizes lactose to a mixture of formic, lactic 
and giycollic acids (164). 

Hydrogen peroxide has a negligible action on lactose unless an activating 
substance such as ferrous sulfate is present, in which ease laetobionic acid 
is formed (159, 181). Ozone has no effect on lactose in acid solution; in 
alkaline solution its action is like that of air (163, 181). 

The oxygen of air has no detectable action on lactose solutions unless they 
are alkaline, in w’liieh ease it seems probable that salts of lactose are involved 
(177). In the presence of alkali and such catalysts as ceroiis hydroxide, 
ferrous sulfate, sodium sulfite, or sunlight plus zinc oxide as sensitizer, the 
sugar is oxidized to carbon dioxide and w’ater (179). "Without catalytic 
agents alkali induces auto-oxidation and degradation of lactose, as sliowm hy 
changes in rotation (158), by the formation of acetic and formic acids (161), 
and of the saeeharinie acids — tetrahydroxyeaproie acids — studied exten- 
sively by Nef (178) and by Kiliani (170-174). Heating lactose with dilute 
sulfuric acid causes auto-oxidation to formic acid and beta-aeetylpropionie 
acid (180). 

HYDROGENATION PRODUCTS 

The earliest attempt at hydrogenation of lactose was by Bouchardat 
(183) who used sodium amalgam and a lactose solution, obtaining a mixture 
of duleitol, mannitol ( f), sodium lactate, isopropanol, ethanol and hexanoL 
Neiiberg and Marx (187) used calcium amalgam in an atmosphere of carbon 
dioxide, thus hindering secondary reactions, and obtained a crystalline 
product that was apparently the lactose alcohol, lactitol, 4-d-sorbitol-p-d- 
galacto-pyranoside, also called lactobiotol and lactositol. 

Lactose in aqueous solution w^as treated by Ipatieff (185) with hydrogen 
under 74 atmospheres pressure at 130° C. in the presence of a catalyst of 
nickel and nickel oxide. The only product identified was duleitol. Sender- 
ens (188) and Tanno (189) by substantially the same procedure, except that 
the catalyst w^as nickel only, obtained a mixture of lactitol, duleitol and sor- 
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bitoL With a hydrogen pressure of only 30 atmospheres and a nickel cata- 
lyst, Karrer and Biichi (186) obtained amorphous lactitol and found its 
specific rotation [a]D = + 14,8° in water. Wolfrom et al. (190) treated a 
slightly acid lactose solution wdth hydrogen and reduced nickel at a tem- 
perature varying from 143 to 150° C. and a pressure from 102 to 138 atmos- 
pheres and obtained crystalline lactitol in 80 per cent yield. Their product 
had a melting point of 146° C. and a specific rotation [a]T = + 14° in water. 
They prepared from it a crystalline tritrityl lactitol hexaacetate, interesting 
because of its high molecular weight of 1323. Hales (184) has obtained lac- 
titol by electrolytic reduction of an acidified aqueous solution of lactose. 

Zartmaii and Adkins (191) heated lactose, ethanol and hydrogen in the 
presence of a catalyst of chromium oxide and copper at a temperature of 
250° C. and a pressure of 300 atmospheres. This procedure they designated 
hydrogenolysis, since the product, fractionated under reduced pressure, 
yielded methanol, more ethanol than used in the process, water, 1, 2-pro- 
panediol and three hydroxy eomx)ounds tentatively identified as 2-(4-hy- 
dr oxytetrahy dr of uryl) -methyl carbinol, a hexane triol and a hexane tetrol. 

SUBSTITUTION PRODUCTS 

Many more or less coniiilex derivatives of lactose have been described in 
the chemical journals (14), but, since most of them have little practical in- 
terest, they will be mentioned only briefly here, the reader being referred to 
the cited papers for details of preparation or properties. 

Lactose undergoes the characteristic sugar reaction with phenylhydra- 
ziiie to give first the phenylhydrazone (204) and finally the osazone (203, 
231). Several substituted phenylhydrazones of lactose have been prepared 
(202). Several lactose nitrates have been reported (213), the most defi- 
nitely authenticated being the octonitrate (243), which has practical value 
as an explosive (199). 

Acetylation of lactose produces heptaaeetyl aeetyllactoside (200, 217, 
219, 238) which, treated wdth hydrogen bromide, gives heptaaeetyl bromo- 
lactoside (200, 208). The other halogens may be introduced in a similar 
manner (195, 206, 216, 229). The reaction of heptaaeetyl halogenlactosides 
with other substances has been used to synthesize other heptaaeetyl lacto- 
sides (192, 197, 198, 207, 210, 211, 212, 215, 220, 233, 237). Deacetylation 
converts these compounds to simple laetosides (201, 207, 210, 212, 216, 221, 
233). Eediiction of heptaaeetyl bromolaetoside followed by deacetylation 
yields lactal (193, 209), a substance convertible to an iso and a pseudo modi- 
fication and to a hydrolactal. Heptaniethyl laetosides (26) and hepta- 
propionyl propionyliactoside (222) have been prepared. 

Lactose combines directly with amino compounds (223-228, 232, 235, 
244). It forms a eyanh3Tlrin which may be converted to lactose carboxylic 
acid (205, 214, 234). Some other compounds of lactose of possible interest 
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are the benzoates (230, 240), butyrate (194), butylmercaptaii (242), phos^ 
pbates (241), and its combination with sodium (218), cysteine (236) and 
ealcrain carbonate (239). 


FERMENTATION PEODLXTS 

General discussion. The products of fermentation of lactose are not 
peculiar to this sugar, since they are determined by the organism rather 
than by the substrate and all organisms that ferment lactose ferment other 
common sugars. On the other hand, many organisms that ferment other 
common sugars do not ferment lactose. Consequently the chief factors 
determining whether lactose shall be used as the carbohydrate for a com- 
mercial fermentation are the existence of an organism that will convert 
lactose efficiently into the desired product and the cheapness of whey relative 
to that of other available sources of fermentable carbohydrate, such as cane, 
beet or sorghum molasses or corn sugar. The presence of certain vitamins 
ill whey gives it an advantage in some instances. 

Of the many substances reported to have been isolated from the products 
of fermentation of whey, those produced in yield sufficient to warrant con- 
sideration for eomniereial exploitation are ethyl and butyl alcohols, butyric 
(246, 250, 251), citric (260), acetic (258), propionic (259), and lactic (254) 
acids, aeetylmethylearbiiioi (252), riboflavin and peniciliin. Lactic acid, 
penicillin and riboflavin are being produced in this country by fermentation 
of lactose. The production of ethyl alcohol is possible in the future, but it 
seems unlikely that the other compounds listed will be made commercially 
by fermentation of whey. 

Eihoflavin. Clostridium aceiohntyJkunu an organism of the type used 
to produce butanol and acetone from corn mash, may, by proper culturing, 
be trained’’ to produce riboflavin efficiently from sugar substrates • (248, 
255, 261). This procedure has been adapted to increasing the riboflavin 
content of whey to such an extent that the product will contain as high as 
1000 mierograms of riboflavin per gram of solids. Details of the process 
are not yet published. 

Ethyl alcohol. Although the production of ethyl alcohol from molasses 
is a firmly established industry and whey is, as a rule, a more costly source 
of fermentable carbohydrate than is molasses, the production of alcohol from 
whey in small inland communities with possible further conversion to a whey 
or spirit vinegar (258) is not economically out of the question. Eeeently, 
several articles have appeared (247, 249, 256, 257, 258) and patents have 
been issued (245, 253), on the production of ethyl alcohol from whey. The 
techniques described are similar to those for the fermentation, of molasses, 
except that a lactose-fermenting yeast of high fermentative efficiency must 
be employed instead of the common Saccharamyces cerevisim. 

Lactic acidj nianufacture. Many organisms are able to convert sugars 
to lactic acid, but for the production of lactic acid from the lactose of whey 



526 


EARLE O. WHITTIER 


a mixed culture of a laetobacilliis^and a myeodemi is used. This is com- 
monly called and designated in the American Type Culture Collection 
as No. 9223. This ciiltiire converts lactose to lactic acid with an efficiency 
of over 95 per cent, the acid being the racemic mixture of the dextro and 
levo acids, and forms no objectionable byproducts. It grows readily at 
43“^ C. and in a pH range of 5.0 to 5.8, conditions tliat eifectively discourage 
the growth of organisms that might be present in whey and produce other 
products, such as, for example, butyric acid (268). 

The process in commercial use is substantially that described below (262, 
263, 264, 267). 

The starter culture is built up by two successive inoculations into increas- 
ing quantities of sterilized skim milk and a third inoculation into 500 gallons 
of pasteurized whey. These cultures are incubated for 24 hours at 43° C. 
before being used as inoculum for the next larger volume of skim milk or 
whey. 

The fermentation is conducted in a wooden tank of a total capacity of 
6000 gallons. The tank should be provided with, a perforated steam pipe 
for heating the whey, a portable agitator for intermittent use and an outlet 
of adjustable level for decanting. 

After the tank is cleaned, chemically sterilized and rinsed free of steril- 
izer, 5000 gallons of whey are run in and heated to 43° G. The 500 gallons 
of starter are run in and the fermentation allowed to proceed for about 42 
hours, heat being supplied, if necessary, in order to hold the temperature at 
43° C. Every six hours, or at shorter intervals if convenient, a slurry of 
slaked lime is added to neutralize part of the acid and bring the reaction to 
the most favorable pH range. The lime used should be practically free of 
magnesia. It should be added gradually with the agitator running nnti] 
the reaction is at about pH 6.0. At higher pH values there is risk of con- 
tamination, and below 5,0 the fermentation is considerably retarded. The 
pH value may he determined by means of bromocresol green paper or indi- 
cator solutions. The completion of the fermentation may be determined by 
a test for residual sugar with Fehling^s solution or judged by the quantity 
of lime consumed. 

The fermented whe}’' is neutralized (pH 6.5-7.5) with lime slurry, heated 
nearly to the boiling point and held at that temperature for ten minutes or 
until coagulation of protein is complete. The coagulnm is allowed to settle 
and the clear liquid decanted and run to a filter press, the sludge folloAving. 
The hot filtrate is pumped to a wooden tank and a small percentage of 
decolorizing cai'bon added. The mixture is agitated and brought to a pH 
value of 10 by the addition of lime slurry, agitation being continued until 
a sample removed from the batch will sediment rapidly. It is then run to a 
filter press. The clear filtrate is neutralized by means of lactic acid and, 
either with or without another carbon treatment, depending on the quality 
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of product desired, concentrated in a Yaeiinm pan to 15° Be. Tile liquid is 
pumped to crystallizers lined with stainless steel and jacketed for circulat- 
ing cold water. The mass is cooled to 10^ to 15° 0., and after about 12 hours 
standing crystallization is complete. 

The ciystalline mass is dropped to a centrifuge, the basket spun until no 
more liquor separates, the crystals washed lightly with water and spun until 
no more filtrate is obtained. The mother liquor and washings are evapo- 
rated to 13.5° Be. and a second crop of crystals obtained. A third crop may 
be obtained before it is necessary to discard the liquor and washings. 

The wet crude ealcium lactate is dissolved in a glass-lined tank in the 
niinimum quantity of water at 65° C., treated with carbon and filter aid, 
filtered, evaporated to 11.5° Be., crystallized, centrifuged and waslied. This 
treatment may be repeated, if necessary, in order to produce calcuiim lactate 
of U.S.P. grade. The mother liquors and washings are added to the crude 
lactate liquors. 

Calcium lactate solutions of any degree of purity may be converted to 
lactic acid or lactates of other metals of corresponding grade. Sodium 
sulfate or carbonate may be used in making sodium lactate, the sulfates of 
iron and copper in making their lactates, A solution of one of these salts 
is mixed with a solution of calcium lactate in equivalent proportions, the 
insoluble calcium carbonate or sulfate removed by filtration and the filtrate 
concentrated by evaporation or evaporated to dryness. 

For conversion to lactic acid, sulfuric acid in very slight excess is added 
to a solution of calcium lactate of approximately 13.5° Be. in a wooden or 
ceramic-lined tank. Decolorizing carbon and the calculated amount of 
potassium ferroeyaiiide sufficient to precipitate heavy metals present may 
be added, if acid of one of the better grades is desired. The insoluble cal- 
cium sulfate, carbon and ferroeyanides of the heavy metals are removed by 
filtration through a ceramic vacuum filter. The filtrate, which should con- 
tain about 25 per cent lactic acid, may he diluted to 22 per cent and marketed 
at this concentration or concentrated and subjected to further purification. 

Concentration of lactic acid may be accomplished by evaporation in a 
stainless-steel vacuum pan or, up to over 50 per cent concentration, by a 
process known as building up.’’ This latter process consists of dissolving 
ealciiiiii lactate in lactic acid of 25 per cent concentration, made as described 
above, adding sufficient sulfuric acid to convert the dissolved calcium lactate 
to lactic acid,^ filtering, and then adding to the filtrate another increment of 
calcium lactate and repeating the cycle until the desired concentration of 
acid is obtained. 

Lactic acid is marketed mostly as dark or light, 22 or 44 per cent acid, 
as colorless, edible 50 per cent acid, and as 85 per cent acid of U.S.P. grade. 

Lactw acid^ froperties. The combination of properties that gives lactic 
acid a somewhat unique position from the standpoint of utility is shared only 
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by other alplia-liydroxy acid«, of which giyeollic acid is the only one pro- 
duced in commercial quantities. The presence of alcohol and acid groups 
in the same molecule giyes lactic acid, 

H H 
H 0 0 

HG • C • C = 0, and consequently its esters, unusual solvent properties. 

H H 

The proximity of the alcoholic and acidic hydroxyls on two adjacent carbon 
atoms leads to the formation predominantly of linear polylactylie esters as 
water is progressively removed from lactic acid. Inner lactones are not 
formed under these conditions; the double ester, lactide, is formed in very 
small proportions and can be prepared only by a slow distillation process, 
involving the dehydration of the dimeric acid. All solutions of lactic acid 
of concentrations greater than 20 per cent contain linear lactylic esters, 
which increase in both proportion and average chain length with increase in 
the gross concentration of the acid. As these linear polyesters increase in 
complexity, they become less susceptible to hydrolytic depolymerization, 
more viscous and more resinous in character (269, 270, 272, 273, 274, 276). 

The heating of calcium lactate forms salts of dilaetic acid, which is a 
result of loss of water from the alcohol groups of two laetyl units to form an 
ether cross-linkage (275). 

Lactic acid;, uses. The principal uses of lactic acid are in the leather 
industry, where it is used to neutralize the lime in limed hides (285), in 
foods, such as pickles, salad dressings, carbonated beverages and sherbets 
(289, 290, 302, 308, 318, 324) because of its clean acid taste and preservative 
action, and in alkyd resins (288, 295, 299, 300, 309, 321, 325) because of 
properties discussed above. Acid calcium lactate is used in Europe in bak- 
ing powders (280, 287, 297, 298, 305, 306, 307, 315, 327). The ferrous and 
copper salts are used nutritionally. Sodium lactate solutions have been 
substituted for glycerol in textile printing and in paper-making (279) and 
various metal lactates have found use as mordants (296, 312, 326). Many 
esters of lactic acid have been made for nse as solvents and as plasticizers 
(278, 282, 283, 284, 286, 293, 294, 300, 301, 303, 310, 311, 317, 319, 322, 323). 
Lactic esters are useful as an addition in molding cellulose ester compositions 
(277), and as starting materials for the production of the corresponding 
acrylates (281, 283, 291, 304, 313, 314, 320). 
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OBSERVATIONS ON THE EFFECTS OF AN ANTERIOR 
PITUITARY PREPARATION ADMINISTERED 
TO LACTATING DAIRY COWS* 

J. F. STKES, I. A. GOULD, C. W. DUNCAJJ axd C. F. HUFFMAN 

Sections of Physiology, Dairy Susiandry and Chemistry, Michigan Agricultural 
Experiment Station, East Lansing, Michigan 

111 a previous publication Sykes^ Meuleman and Huffman (4) reported 
that both the ainoimt and percentage of fat in the milk of dairy cows were 
increased with injections of a relatively crude extract of the anterior pitui- 
tary gland. The injections were only given for a .short period of time 
(5 days) and no detailed analj'sis of the milk was made. It waSj therefore, 
thought desirable to give the injections for a longer time and to examine 
the milk for possible changes in constituents other than fat. 

PROCEDURE 

An alkaline extract of the anterior pituitary gland was prepared accord- 
ing to the method of Best and Campbell (1) and used in this study. All 
injections were given subcutaneously for periods ranging from seven to 
twenty-three days. Five hundred milligrams of the extract were given at 
each injection. Four Holstein cows in declining lactation were used in the 
initial studies, and later the extract was given to an ovariectomized laetatiiig 
ewe and to a freemartin heifer which had been brought into lactation with 
hormone treatment. 

Daily milk samples were obtained for analysis by mixing equal portions 
of morning and evening milk. The fat per cent and total solids w^ere deter- 
mined by the methods of Mojonnier and Troy (2). Chlorides were deter- 
mined by the method of YanSlyke and Sendroy (5) and lactose hy the 
official A.O.A.C. method (3). 

RESULTS AND DISCUSSION 

All four cows showed increases in the per cent fat of the milk. The 
initial increases occurred within three to five days after the first injeetion. 
Cov) 264 showed an initial increase during the first seven injection days from 
4.5 to 5.8 per cent fat, a decline during the next three days to 4.8 per cent 
and then showed a gradual increase during the remaining thirteen days to 
attain a level of 10.1 per cent. Two days after injections were stopped 
this cow developed a severe anemia due to internal hemorrhage and died 
five da 3 ''s later. Milk production began to decline markedly two days before 
injections were stopped and the very high terminal fat per cent (10.1) was 
probably partly due to this fact, 

Eeceived for piibEeation January 18, 1944. 
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Tile milk fat of Cow A 29 increased from 8.6 to 4.8 per cent on tlie third 
dap of injection and iiiaiiitained an average of 4.5 per cent for an additional 
nine days at which time the fat per cent rapidly fell to 2.0 per cent during 
the next four days, the udder swelled and ropy and eiirdy milk was pro- 
duced. The injections were stopped at this time. 

Cow D 9 increased from a pre-injection milk fat average of 3.9 per cent 
to an average of 4.3 per cent for a period of nineteen days of injections at 
w'hich time the per cent fat decreased over a five-day period to 3.5 per cent. 
Injections were stopped at this point. 

The milk fat of Cow 290 increased from an average of 4.3 per cent to 
5.5 per cent on the fifth day of injection. At this point the udder swelled, 
ropy milk was produced and lactation Avas terminated three days later at 
which time the fat per cent had decreased to 4.5 per cent. 

It will be noted that the fat content of the milk of three of these coavs 
(A 29, D 9, and 290) decreased after an initial increase in spite of continued 
injections. The fourth coaa^ shoAA^ed an abnormally high fat content during 
the last feAV injection days. Coincident A\ith the drop in fat per cent, the 
udder of tAVO coaa’s (A 29, 290) became abnormal. 

In general, as long as the fat per cent remained AYithin reasonably nor- 
mal limits and as long as the udders appeared normal, the changes in the 
other milk constituents tended to parallel the changes in fat with the excep- 
tion of chlorides Avhich shoA^’ed either little change or a slight decrease. 
Moderate increases in solids-not-fat and lactose accompanied the increase in 
fat. HoAA^ever, AA-hen the udders of A 29 and 290 became abnormal and Avhen 
the fat content of 264 had increased to about 6.0 per cent very marked 
changes occurred in the other milk constituents and marked irregularities 
in their concentration occurred from day to day in three of the four cows. 
The fat, solids-not-fat and lactose decreased markedly and then tended to 
retuxm to normal levels AA’heii injections were stopped. All the constituents 
and particularly the lactose Amried considerably from day to day, a condition 
which persisted for nearly a month after injections were terminated. The 
chloride concentration was generally inversely proportional to the lactose 
level. D 9 did not react in this manner and, in fact, did not respond as 
well in respect to increase in fat as did the other cowas. This cow also differed 
from the other three in that she Avas not pregnant. 

The level of production in all coavs remained equal to or was slightly 
above the pre-injection leA^el during the time the initial fat increases occurred, 
but declined rapidly AA’hen' the udders became abnormal. The changes Avhich 
oceuiTed in the milk of A 29 are generally typical of the changes Avhieh 
occurred in the group as a whole. These are presented in figure 1. 

In addition to the above changes it was found that all four cowS‘ de- 
' veloped cystic ovaides. Three cows developed multiple cysts of both ovaries 
; and the fourth cow deA^^eloped cysts on the right ovary. None of the three 
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pregnant cows temiiiiated a normal pregnancy. Mummified fetuses were 
removed from two of tlie cows. The third cow (264) diedj as mentioned 
previously^ and it is not possible to state definitely whether mummification 
of the fetus had eommeiiced although there were indications that such was 
the case. 

These latter observations suggested that the increase in fat percentage 
and other changes in the milk of these cows was possibly due to the intense 
ovarian stimulus which the extract produced. Since the extract is known 
to possess gonadotropic hormone and since ovarian effects accompanied the 
changes in fat content of the milk, it seemed possible that this hormone might 



Pio. 1. Glianges in milk constituents following injections of an anterior pituitary 
extract. 

indirectly affect fat metabolism through ovarian stimulation. If such were 
the ease it would not be necessary to postulate the existence of a separate fat 
metabolism hormone of the pituitary gland at least insofar as such a hor- 
mone affects the fat content of milk. 

The extract was therefore administered to a lactating ewe (250' mg. 
daily) which had been ovariectomized two weeks previous to the first injec- 
tion and to a freemartin heifer (500 mg. daily) which had been brought unto 
lactation by prolonged treatment with estrogens and progesterone followed 
hy prolactin. ' At autopsy 'the ovaries of this heifer were practically non- 
existent and showed no signs of activity whatsoever. 
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Tile fat content of the milk of these two animals increased as a result of 
the iiijeetioii of the extract in a manner similar to the cows. These results 
are shown in table 1. While the data are not extensiye they suggest that 
the fat increase in the milk of cattle injected with this extract of the pitui- 
tary w^as not due to the ovarian stimulation. Unpublished results also indi- 
cate that the increase in liver fat which the extract produces in guinea pigs 
occurs just as readily in ovariectomized as in normal pigs. AYhile it is possi- 
ble that the gonadotropic hormones may have some direct effects on fat 
metabolism not mediated through the ovaries, there is at present no evidence 

TABLE 1 


The effect of an anterior pituitary extract on the per cent fat of the milh of an 
ovarieeto7nized ewe and a freeinartin heifer 


1 

D&y 1 

Pat content of milk 


Ovariectomized ewe ^ 

' 

Freemartiii heifer 


1 

per cent 

1 9.5 

1 

per cent \ 

3.7 j 

No injections 

2 

I 8.6 

3.9 1 

i { 

3 

i 10.0 

3.4 ! 

i ( 

4 

! 8.0 

3.0 

t { 

5 

1 8.7 


Injection 

6 

! 9.7 

3.7 

i i 

rr 

1 

! 10.5 



( i 

8 

j 10.7 

3.7 

(( 

9 

1 10.5 

3.4 

ei 

10 

15.0 

3.6 

i ( 

11 1 

11.7 

3.6 

No injections 

12 i 

15.3 

4.4 

i i 

13 1 

19.5 

4.3 

< i 

14 i 

15.5 

3.6 

£ £ 

15 i 

12.5 

4.0 

£ £ 

16 ’ 

12.5 


( £ 

17 1 

8.5 

4.4 

{t 

18 

6.8 


t£ 

19 


4.2 

££ 


for this and the effects on fat metabolism produced by the extract used in 
these experiments would seem to be due to some other hormone, possibly a 
separate fat metabolism hormone. 


SUMMARY AND CONCLUSIONS 

Injection of an alkaline extract of the anterior pituitary gland into lac- 
tating cows produced an initial increase in the per cent fat of the milk and 
moderate increases in lactose and solids-not-fat. The chloride content was 
generally inversely proportional to the lactose level. 

Continued injections produced even more marked changes. ' Generally, 
the fat, lactose and solids-not-fat declined to very Iotv levels and the chloride 
increased. Marked irregularities occurred from day to day. These latter 
effects have not been observed to occur earlier than the fifth day of injection 
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and in one animal injections g:iveii for twenty-four days failed to produce 
tiieni. Swelliii" of the udder and ropy milk aceonipaiiied these changes. 

The extract likewise tiroduced cystic ovaries in all the cows to which it 
was given and niiimniified fetuses were removed from two of the three preg- 
nant animais used following the injection period. 

Preliminary woi’k indicates that the changes in fat percentage of the 
milk were not due to the ovarian stimulation which was produced by the 
extract and it would appear that tliese changes were due to some liormone 
other than the gonadotropins contained in the extract. 
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THE IXFLUEXCE OF A SYNTHETIC THYEOPROTEIX lYHEN 
FED TO DAIRY COWS OYER A THREE-Y^EEK PERIOD^'' 


EALPH P. EEECE 

Department of Pafr?/ Eusharielri^f New Jerseij Agricultural Experiment Station^ 
Kew Brunsu'icl\ New Jerscp 


INTRODUCTIOX 

Graliam (5) was tlie first to observe tliat the thyroid gland has a pro- 
found iiifliienee on the level of milk and milk-fat secretion of cows. He (6) 
later identified the active principle of the thyroid gland as thyroxine. These 
observations have since been confirmed by a number of investigators (7, 8, 
1,2,3,14/9,4). 

Although the thyroxine studies added much to our knowledge of the fac- 
tors controlling the level of milk and milk-fat secretion, no practical appli- 
cation of the results tvas possible because of the excessive cost of thyroxine. 
Recently Reineke and Turner (13) have made it more practicable by the 
formation in vitro of highly active thyroproteins. Reports on the effect of 
feeding such thyroproteins to dairy cows have also appeared (12, 10, 13, 11). 

This work was begun to determine wRether or not it is possible to increase 
the fat content of milk, without greatly augmenting milk production, by 
feeding a moderate daily dose of thyroprotein. 

EXPERIMENTAL PROCEDURE 

Five dairj^ cows in varying stages of declining lactation and gestation 
w'ere selected for the experiment (table 1 ). Available production records 
at the beginning of the experiment indicated that the cows were secreting 
milk with a fat content below' that of their respective breed averages. 


TABLE 1 

Description of cows fed a synthetic thyroprotein for a three-week period 


! 

Cow No. 

Breed 

Age 

Yr.— Mo. 

No. of 
lactation 

Month of 
lactation 

Month of 
gestation 

H--41 

Holstein-Priesian 

3 

1st 

10th 

7th 

H-37 

£ t 

4^11 

2nd 

8th 

3rd 

627 

Brown Swiss 

3— 5 

1st 

5th 

1st 

492 

Ayrshire 

3— 5 

1st 1 

6th 

5th 

383 

Jersey 

3— 1 

1st j 

4th i 

! 

0 ' 


The experiment consisted of a two- week pre-experimental period, a three- 
week experipiental period, and a two-week post-experimental period. Ten 
Eeceived for publication January 20, 1944. 

* Journal Series Paper of the New Jersey Agricultural Experiment Station, Entgers 
University, Department of Dairy Husbandry. 
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grams of a tiivroproteiii (Protamone^) were fed daily in the grain ration 
during the tliree-Aveek experimental period. During the entire course of 
the experiment daily milk weights (twice daily milkings) were recorded and 
milk samples were taken on two consecutiye days each week. Individual 
milk samples were tested for their bntterfat content (Babcock method) and 
solicis-not-fat content (by means of a lactometer). Body weights and heart 
rates (by means of a stethoscope) were determined on two eonseciitive days 
each week. 

EXPERIMENTAL RESULTS 

Fat test. The fat test, on the average, increased from 3.62 to 4.11 during 
the feeding period and then declined to 3.76 in the second week of the post- 
exiperimental period. Increases in fat test during the course of the entire 
experiment varied from 0.34 to 1.51, the latter increase being observed in 
the cow most advanced in lactation. It is interesting to note that the with- 
drawal of Protamone from the ration of a cow (H-41) advanced in lactation, 
as well as cows not so far advanced in lactation, resulted in a decrease in fat 
test. The decrease in fat test in the second week of the post-experimental 
period is indeed remarkable since it occurs at a time when milk production 
is decreasing- The results are summarized in table 2. 


TABLE 2 

Influence of feeding 10 grams of Protamone daily on the fat content of milh 


Period 

No. of 


Cow number 


Weighted 

clays 

H-41 

H~37 

627 

492 

383 

ave. 

Pre-experi- 


7c fat 

% fat 

% fat 

Jofat 

% fat 

% fat 







mental 

14 

3.31 

3.03 

3.79 

3.29 

4.80 

3.62 

Experimental 

7 

3.24 

3.08 

3.96 

3.15 

4.58 

3.61 


7 

3.63 

3.30 

4.15 

3.68 

4.88 

3.90 


i 7 

3.58 

3.37 

4.25 

4.25 

5.23 

4.11 

Post-experi- 

1 7 

I 4.82 

3.27 

4.17 

3.87 

5.25 

4.13 

mental ; 

1 

3.67 

3.10 

3.90 

3.57 

5.02 

3.76 

Maximum 

increase 

during 








experiment 


1.51 

0.34 

0.46 

0.96 

i 0.45 

0.51 


Milk production. Protamone feeding stimulated varying increases in 
milk production. Based on weekly averages, the maximum increase in milk 
production was 1.7 lbs. per day. Increases in individual cows (weekly aver- 
ages) varied from 0.5 to 4./ lbs. Two cows (H— 41 and 383) attained their 
highest average daily production during the first week of the feeding period 
while two other cows (H— 3/ and 627) did not reach their highest average 

1 The Protamone was generously snppUed by the Cerophyl Laboratories, Kansas City, 
Mssonri, through the courtesy of Dr. W. E. Graham, Jr. 
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daily prodiietioii until tlie third week of the feeding period. The cow 
(H-37) showing the greatest increase in milk production showed the least 
increase in the fat content of her milk and conversely the cow (H-41) giving 
the smallest increase in milk production show^ed the greatest increase in the 
fat content of her milky the latter being most advanced in her lactation 
period. 

On the removal of Protamoiie from the ration there was a slight decrease 
in milk production. Xevertheless the level of milk production during the 
post-experimental period appeared to be about the same as it ivoiiid have 
been had Protamoiie not been fed (table 3). 

TABLE 3 


Influence of feeding 10 grams of Frotamone daily on mill: production 


Period 

Ko. of 

Cow number } 

Aye. 

days 

H-41 

H-37 j 

627 

492 

383 



Ihs. milh 

Ihs. mill: 

lbs. milk 

Ihs. milk 

Ihs. milk 

Ihs. milk 



per day 

per dajf 

per day 

per day 

per da y 

per day 

Pre-esperi- 








mental 

14 

15.2 

29.3 

26.1 

23.5 

22.3 

23.3 

Experimental 

7 

15.7 

31.7 

25.S 

25.6 

25.0 

24.9 


7 

15.3 

33.1 

27.7 

25.8 

23.2 

25.0 


7 

14.6 

34.0 

28.4 

24.9 

22.9 

25.0 

Post-experi- 

7 

13.0 

31.2 ■ 

25.2 

23.0 

20.3 

22,5 

mental 1 

7 

10.3 I 

29.0 1 

23.3 1 

21.1 

16.8 

20.1 

Maximum 








increase dur- 








ing experi- 








ment (weekly 








ayerage) 


0.5 

4.7 ; 

2.3 

2.3 

3.2 

1.7 


SoUds-not-fat. The solids-not-fat content of the milk did not appear to 
be affected by Protamoiie feeding. The five cows showed an increase in the 
solids-not-fat content of their milk during the experimental period but it is 
doubtful if this increase can be attributed to the feeding of Protamone since 
only 2 of the 5 cows showed a decrease in the solids-not-fat content of their 
milk in the post-experimental period. The average figures suggest that the 
observed increase in solids-not-fat content can be attributed to the advance 
ill the stage of lactation (table 4) . 

Body loeight. There was a slight loss in body weight in four of the five 
cows. The cow that did not lose in body weight ivas the one (H-41) most 
advanced in lactation and pregnancy. The greatest loss in body weight 
occurred in the lightest cow of the group and this w^ould be expected since 
Protamone was not fed on the basis of .body weight. In no instance, how- 
ever, can the loss in body weight be considered severe. 

There was a marked increase in body weight in the first week of the post- 
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esperiiiieiital period, Tliis gain in body “weiglit is associated witb. a decrease 
in milk production and in lieart rate. In tlie second week of the post-experi- 
mental period, four of tlie five cows showed a sligiit loss in bod}^ weight and 
this loss ill body weight was associated with an increase in heart rate. The 
cow (383) that eontimied to show a gain in body weight during the second 


TABLE 4 

Ififl'uenee of feeding 10 grams of Frofamone daily on the solids-not-fat 
content of mill' 


Period 

No. of 
days 

Coiv number 

Weighted 

Ave. 

H-41 

H-37 

. 

627 

492 

383 



7o S-X-F 

%S-X-F 

% S-X~F 

% S-X-F 

% S-X-F 

% S-X-F 

Pre-experi- 








mental 

14 

8.32 

S.13 

9.13 

8.87 

9.24 

8.74 

Experimenta] : 


8.49 

S.19 

9.14 

8.90 

9.30 

8.80 


7 : 

8.83 

8.29 

9.14 

9.16 

9.40 

8.96 

i 

1 7 j 

8.73 

8.36 j 

9.38 

8.94 

9.15 

8.91 

Post-esperi> ! 

7 ' 

8.97 

8.27 

9.28 

9.14 

9.55 

9.04 

mental | 

S 7 ! 

8.95 

8.40 1 

9.35 1 

9.11 

9.59 

9.08 


week of the post-experimental period was the one that had lost the most in 
body weight during the experimental period and the one that showed the 
greatest decrease in milk production during the post-experimental period. 
The body weight arerages are presented in table 5. 

TABLE 5 


Influence of feeding 10 grams of Frotamone daily on body weight 


Period 

No. of 
days 

Cow number 

Ave. 

H-41 

H-37 

627 

492 

383 



Ihs. 

Ihs, 

lbs. 

lbs. 

lbs. 

lbs. 

Pre-experi- 








mental 

14 

1170 

1219 

1210 

1081 

791 

1094 

Experimental 

7 

1187 

1204 

1219 

1100 

777 

1098 


7 

1192 

1242 

1208 

1086 

781 

1102 


i 7 

1178 

1212 

1189 

1077 

755 

1082 

Post-experi- 

7 

1245 

1310 

1272 

1138 

781 

1149 

mental 

7 

1241 

1279 

1240 

1119 

816 

1139 

Maxiimim 








decrease 








in body 








weight 



15 

21 

4 i 

36 

12 


Eeari rate. At the end of the second -week of the experimental period 
heart rate had increased from 74 be^ts per minute to 83 beats per minute. 
All of the cows showed increases in heart rate, with the increases varying 
from 8 to 14 heats per minute. The cow (492) with the lowest initial heart 
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rate liacl tlie g'reatest increase in lieart rate (14 beats per niiiiiite) wliile tlie 
cow witli the liigliest initial heart rate (H-37) shotTed the least increase in 
heart rate (8 beats per niiiiute). 

Ill the third week of the feeding period heart rate was similar to that of 
the pre-experiiiiental period. This decrease in heart rate cannot be ac- 
counted for, but it "was not caused by temperature changes. That the Prota- 
nioiie was stimiilatiiig heart rate during the third week of the experimental 
period is attested by the fact that there was a further decrease in heart rate 
during the post-experimental period (table 6). 


TABLE 6 

Influ€7ice of feeiVmg 10 grams of Protamone daily on heart rate 


Period 

No. of 



C(uv number 


Are, 

clays 

H-41 

H-37 

627 

402 

383 



Mate per 
minute 

Mate per 
minute 

Mate per 
minute 

Mate per 
771 'mute 

Bate per 
ni Irnite 

Mate per 
mimite 

Pre-experi- 








mental 

14 

71 

82 

76 

68 

74 

74 

Experimental 

7 

72 

84 

88 

80 

85 

82 


7 ! 

83 i 

90 1 

V i 

82 

84 

I 83 


7 

73 ! 

75 

71 

71 

76 

73 

Post ‘experi- 

7 

70 ! 

64 1 

1 58 

64 

55 

62 

mental 

7 

72 i 

70 j 

1 60 

68 

76 

69 

Maximum 
increase in 



i 

i 





heart rate 


12 

1 s 

12 

14 

11 

9 


DISCUSSION 

It appears that the feeding of Protamone in a moderate daily dose will 
definitely increase the bntterfat content of milk. This increase in bntterfat 
content is not accompanied by either any great increase in milk production 
or a great loss in body weight. There are no objections to increases in milk 
production ; in fact, they are most desirable, provided they can be obtained 
without encountering severe losses in body weight. Certain cows are good 
milk producers but low testers. Obviously sneh cows should not be fed large 
amounts of Protamone, for that wmild undoubtedly result in severe losses in 
body weight. If, however, moderate doses of Protamone will increase fat 
test, and this experiment indicates that they will, then it is certainly advan- 
tageous to feed Protamone. On the other hand, many cows increase in body 
weight at the expense of milk production, and such cows .should receive 
larger doses of Protamone. 

SUMMARY 

The feeding of 10 grams of Protamone daily for 3 weeks to a group of 
5 dairy cows increased the bntterfat content of the milk from 3.62 per cent to 
4.11 per cent. The average milk production was increased from 23,3 lbs. to 
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25.0 lbs. per clar. Losses in body weight were slight and heart rate increases 
were moderate. Solids-iiot-fat did not appear to be affected. 
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A CONTEOLLED EXPEEIMENT IN FEEDING VHEAT GEEM 
OIL AS A SUPPLEMENT TO THE NORMAL RATION 
OP BULLS USED FOR ARTIFICIAL 
INSEMINATION^ 


e. SAIilSBITBYs 

Department of Ani7nat Hushandi'p^ Cornell University, IthacBj New TorJc 

Tliough the importance of adequate vitamin E in the rations of rats for 
normal reproduction is well known (7), no clear-cut evidence has been 
obtained that the reproductive performance of the larger farm animals is 
affected by insufficient vitamin E. In 1931 Yogt-Molier and Bay (18) re- 
ported that injections of wheat germ oil at the time of heat, or just before, 
■were effective in curing sterility in some cows, wdiieh had failed to settle on 
repeated earlier services, but wRieh otherwise appeared normal Later (2) 
•these same investigators reported continued success with their iiiieontrolled 
treatments. In controlled studies with a limited number of cows Asdell et al. 
(1) were unable to sho-w that injections of wheat germ oil gave results differ- 
ent than those obtained with untreated controls. Gwatkin and MacLeod (4) 
showed that "wheat germ oil therapy was ineffective in altering the course of 
Brucella abortus infection in a group of 12 cows compared with a similar 
group of controls.' 

Thomas and collaborators (14, 15, 16, 17) in extensive studies with goats 
and sheep have showm that in these species, at least, the vitamin E require- 
ments are either very low or that a dietary supply of this vitamin is not 
needed. In these studies the vitamin E in the basal diet was destroyed by 
treatment with an ether solution of ferric chloride and aging. Normal 
reproduction of the goats and sheep proceeded on this ration which was so 
low in vitamin E that rats were unable to reproduce on it. 

Titus and Burrows (13) have determined the effect on semen production 
of 0.5 per cent of wheat germ oil in experimental rations of cockerels. They 
found that wiieat germ oil decreased semen production. No similar study 
with the larger farm animals has come to the attention of the writer. 

Eeeeived for publication January 21, 1944. 

1 Tlie investigation was conducted in cooperation with the Xew York Artificial Breed- 
ers^ Cooperative, Inc., Syracuse, N. Y., who placed their bulls and other facilities at the 
disposal of the author, and in cooperation with the Yiobin Corporation, Monticello, 111., 
who supplied the wheat germ oil used. The cooperation of these parties is sincerely ap- 
preciated. 

2 The author wishes to acknowledge his indebtedness to Dr. Karl E. Mason, Depart* 
ment of Anatomy, University of Eoehester Medical School, Bochester, K, Y., for conduct- 
ing the bio-assays of the vitamin B potency of the feeds used, to his colleagues, Professors 
-J. K. Loosli, L. A. Maynard and F. B. Morrison, for aid in planning the investigation and 
ia the preparation of the manuscript, to Drs. P. T. Cupps and F. Irvine Elliott, for collect- 
ing certain portions of the data, and to Maurice Johnson and Harold Eosa, for their aid 
in conducting the experiment. 
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Hatliaivay, Davis and Graves (5), Hathaway and Davis (6), and Paliiierj 
Xelsoii and Giilliekson (8) have determined in bio-assays with rats the vita- 
min E content of a iiiiiiiber of the feeds commonly fed to dairy cattle. Their 
results indicate that most rations for dairy aiiimalSj composed of natural, 
eoiimioii feeds and satisfactory in other respects, would contain liberal 
aiiioiints of vitamin E for satisfactory reproduction in rats. This fact and 
the results of the other investigations cited raise the question of the value 
of supplementing a practical ration composed of natural feeds with w’heat 
germ oil as a source of vitamin E to prevent sterility in dairy animals. In 
spite of these facts, the use of wheat germ oil as a supplement to the normal 
rations of breeding farm livestock, especially males, is quite widespread to 
judge from verbal reports received from livestock men. 

In view of these facts it was considered desirable to determine the value 
of supplementing a normal ration composed of usual, common feeds for 
dairy bulls with wheat germ oil over a sufficiently long period of time to 
determine whether or not the added wheat germ oil had an effect on semen 
production and upon the fertility of that semen wdien used for artificial 
insemination. 

EXPERIMENTAL 

Twenty bulls were selected for the investigation from the 28 bulls then 
owned by the New York Artificial Breeders’ Cooperative and housed in one 
barn near Syracuse,- New York. These bulls were of the Holstein-Friesian 
and Guernsey breeds and were used only in artificial breeding. The 20 bulls 
were divided into two groups as nearly equal in all respects as could be deter- 
mined. The basis of classifying the bulls into groups is given in table 1. 
This table gives the mean for each hull, the mean of the group and the 
standard deviation of the group means for each criterion used in the group- 
ing. The relative fertility of the bulls was established before the experiment 
started by the proportion of the cows to which each bull was artificially bred 
during a three months’ period, which did not return to service for at least 
one month after being bred. The data on average semen volume and aver- 
age motility of the spermatozoa for each bull was obtained during the same 
period of time. On the other hand, the spermatozoa counts (table 1) are 
for but one collection taken during the week before the experiment started, 
and are less reliable than the other measures. The weight of each bull was 
estimated from heart girth measurements. 

As can be seen from the table the two groups were very similar in the 
criteria used for classification. After the individual groups were selected 
a fiip of a coin by a disinterested party determined that Group I would 
receive the wheat germ oil. This group of bulls was called the wheat germ^' 
oil-fed group, while Group II was known as the control group. 

All bulls were fed the same concentrates and hay twice daily. Hay was 
the only roughage fed. It was composed of about 50 per cent alfalfa, 40 per 
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cent or less of timothy, and about 10 per cent other grasses and elorer. The 
hay Taried somewhat throughout the experiment, but was largely of No. 2 
grade. "When the experiment was first started, April 15, 1941, hay grown 
the prerioiis season was fed. After July 15, hay produced during that 
season was fed, and was eontinued to the end of the experiment, April 14, 
1942. 

The concentrate mixture was the one the Cooperative had been feeding 
for some time. It was made up of normal feeds ordinarily available to any 
dairyman and contained the following proportions of ingredients : 

46.5 lbs. ground oats 

18.5 lbs. yellow eornmeal 

19.0 lbs. wheat bran 

4.5 lbs. linseed meal 

4.5 lbs. soybean oil meal 

4.5 lbs. steamed bone meal 

2.5 lbs. salt 


100.0 

The mixture contained approximately 14 per cent total protein. The 
feed allowance of both eoneentrates and hay was weighed one day each week 
throughont the experiment. On this basis, the bulls in Group I received 
an average estimated daily^ allowance of 20.6 pounds of hay and 7.7 pounds 
of the concentrate mixture. The control group (II) received an estimated 
average of 20.8 pounds of the hay and 8.0 pounds of the concentrate mixture 
daily. 

Three samples each of the hay and concentrate mixture were assayed 
with rats at different times during the experiment for vitamin B potency 
by Dr. Karl E. Mason. Female rats, critically depleted of vitamin E at the 
time of weaning, were subsequently reared upon an E-deficient diet modified 
by substituting a variable proportion of the test samples for a corresponding 
portion of the cornstarch component. The success or failure of their first 
pregnancy was used as a basis for determining the adequacy or inadequacy 
of the modified diet. ‘With the first and third hay sample complete fertility 
response resulted when the hay made up but 20 per cent of the modified diet. 
For the second hay sample, 25 per cent was needed, and for each of the three 
samples of the concentrate mixture 30 per cent of the modified diet was 
necessary for complete protection. 

One ounce of solvent process wheat germ oiP daily was fed to each bull 
in Group I. The oil was poured on the eoiieentrate mixture at each night 
feeding. The oil was weighed out to each bull from one quart containers 
which were kept in the ice-box until completely used. A fresh supply of 
the oil was received at approximately'- one-month intervals. 

s The Viobin Corporation report that the oil contained approximately 2 Evans rat 
nnits of vitamin E per gram. 
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The first nine bulls of both groups were started on the experiment on 
April 15. On June 1, one bull was added to each of the experimental 
groups. These are listed as bulls lOE and IOC in table 1. The experiment 
was continued through April Idtli of the following year. TimSj nine bulls 
of each group ivere on the experiment from the beginning and^ if they con- 
tinned to produce semen of satisfactory quality, were expected to remain 
on the rations for one year. For the remaining bull in each group the 
planned duration of the experiment wns for ten and one-half months. 

Semen was collected from each bull in the experiment approximately 
once each week. Ordinarily the bull wuis sampled at each of these collection 
periods as many times as w^as necessary to obtain the required quantities of 
semen of high enough quality to give satisfactory assurance that the expected 
number of coats in heat could be impregnated by it. Often tAVO ejaculations 
at a eolleetioii period Avere taken and sometimes three or more AA^ere collected 
from a single bull in one day. The collection of this many ejaculates from 
a bull in one day aa^s due usually to the fact that the first collection of semen 
Avas so loAV ill spermatozoa count or so Ioav in spermatozoa motility that it w^as 
discarded. Each semen sample AA'hich, by the criteria used, gave indications 
of being satisfactory for artificial iiiseinination, Avas diluted AAUth the yolk- 
eitrate diluent (10) and shipiied to the various sections of Ncav York State 
AAfiiere it Avas used for insemiiiatiiig coaa^s. The dilution rates for the semen 
used in this experiment AA’ere similar for each group of bulls and A^aried from 
1 part of semen to 2 parts of the diluter up to 1 part of semen to Ifi parts 
of the diluter. The semen aaus diluted at rates largely dependent upon the 
number and activity of the spei'matozoa in each sample. Salisbury et aL 
(11) haA-e shown that similar rates of conception may be expected for semen 
diluted on this basis and Avithin the range of dilution used in this investiga- 
tion. One ml. of diluted semen was used for each insemination. The sper- 
matozoa counts Avere made Avith the hemoeytometer. The methods used to 
determine motility and in liaiidling the semen before insemination Avere 
described earlier (19). 

RESULTS 

The results of the investigation are presented in two parts ; the first deals 
Avith the breeding behaAuor of the bulls and the characteristics of the semen 
produced by them ; the second deals with the fertility of the tAVO groups of 
bulls when the semen Avas used for artificial insemination. 

Breeding hehavior of the luUs and semen characteristics. Table 2 pre- 
sents the mean data relative to the semen characteristics measured of each 
group of bulls. These measurements were made throughout the entire ex- 
perimental period. The time required for serAuce was determined only 
during the first six months of the experiment and the mean time, also, is 
slioAvn in table 2. This, so-called, "hservice time*^ is the number of seconds 
from the time the bull approached a fixed point about 4 feet behind the 
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‘4easer^’ cow to tlie time of ejaculation. "Wiien more tlian one ejaculate was 
taken at tlie time of eolleetioiij tlie bull was removed some ten feet from the 
cow until preparations were completed for the second collection. This time 
interval varied from about 3 to 5 minutes. 

In many eases, the semen by gross observation or as a result of the miero- 
scopic examination or spermatozoa count, was considered unfit for use in 
artificial insemination. Such samples were discarded and are so listed in 
table 2. In other cases it was found impossible for one reason or another 

TABLE 2 


Characteristics of semeii produced hy experimental hulls and their breeding behavior 


1 

1 

Ejaculate j 

"Wlieat germ oil- j 

Control group 

1 

number 

fed group (I) j 

(ii) 

Total iiiiiiiber of ejaculates collected j 

i 

1 


335 1 


335 

•) 1 


219 ! 


281 




38 1 


62 


4 ! 


o 


4 


All i 


594 


682 

Average volume of ejaculates, cc. 

1 

i 5.9 

(312) 

i 5.3 

(301) 


o 

! 6.4 

(203) 

1 6.6 

(253) 


3 

5.2 

( 34) 

1 5.5 

( 55) 


All 

! 6.0 

(570j 

I 5.7 

(654J 

Average motility of spermatozoa in 

1 

71.0 

(282) , 

i 69.8 

(261) 

ejaculates, per cent 

2 

! 72.7 

(184) 

1 76.6 

(231) 

3 

i 72.2 

( 27) 

1 74.9 

( 50) 


Ail 

71.4 

(533) 

73.0 

(606) 

Average number of spermatozoa in 
ejaculate, 1,000 per mm.® 

1 

1,323 

(179) 

1,259 

(160) 

o 

1,113 

(115) 

1,281 

(170) 

3 

1,099 

( 15) 

1,008 

( 28) 


• All 

1,207 

(409) 

1,227 

(480.) 

Average service time, seconds 

1 ^ 

193 

(159) 

108 

(147) 

o 

166 

( 98) 

124 

(120) 


i 3 

105 

r 17) : 

78 

( 27.1 


j All 

174 

(302) ; 

104 

(353) 

Total volume semen discarded, cc. 
Ejieiilates discarded, volume 

i 

1 

i 

1 652 

i 

(120) 

620 

(123) 

unknown 

! 

1 

( 15) 


( 25) 


to obtain all of the information desired on each semen. ejaculation. Occa- 
sitaally, two successive ejaculates were taken in the same artificial vagina, 
without using two different collection tubes. The average data for such 
combined ejaculates are included in table 2 under the totals and explain the 
discrepancy found in the table for the number of samples which were used 
to obtain the average for all ejaculates and the sums of the number of ejacu- 
lates'iised for the average of the filrst, second and third ejaculates. Fourth 
ejaculates were so few in number that they are included in the average for 
all ejaculates only. In this table the data are an average of those samples 
for which observations were made and the number of ejaculates on which 
each average is based is included in parenthesis after the data. There was 
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210 apparent difference between the experimental groups in this regard. 
From this fact it is believed that the semen produced by each group of bulls 
has been well sampled and tliat eonelnsions may be drawn from this table 
eoiieerning the effects of the experimental treatments. 

More individual ejaculates of semen were collected from the control bulls 
than was the case with the wheat germ oil-fed bulls. This was due primarily 
to the fact that the average volume of the first ejaeulatesj of which an 
identical number was collected from each group of bulls, was eiioiigli smaller 
for the control bulls so that, in order to have sufficient semen for breeding, 
it was more often necessary to collect a second ejaculate. This result was 
not surprising for the bulls in Group II produced a smaller quantity of 
semen in the first ejaculates during the three months preliminary period 
before the experiment started. In fact the mean volume of all ejaculates 
for the experimental period varied little from the mean volume of all ejacu- 
lates obtained during the preliminary period. In addition, there was a 
greater demand for the semen of these bulls as indicated by the fact that 
they were bred to 884 more cows during the experiment than were the bulls 
of Group I. 

To test this apparent difference in semen volume statistically and to 
determine whether or not there were other differences between the experi- 
mental groups, the mean data for all ejaculates of each bull were arranged 
hj months and an analysis of variance made. In each ease the accepted 
method of analysis when unequal iiiimbex's are found in the groups was 
used (12). For semen volume, per cent of motile spermatozoa, spermatozoa 
count and number of discarded ejaculates there were no statistically signifi- 
cant differences between the wheat germ oil-fed and the control groups. 

With respect to the time required for service, as a measure of the sex 
drive of the bulls, there was a highly significant difference in favor of the 
control bulls. The difference in actual time, however, w^as only slightly more 
than one minute and was not of great practical importance. Two bulls on 
each ration, Nos. 6B, 8E, 8C and 9C, were discarded from the experiment 
for failure to satisfactorily settle the cows to which they were artificially 
bred or for refusal to use the artificial vagina. One other bull on each of 
the rations was not used for various lengths of time during the experiment 
because of injuries which had nothing to do with the rations fed. Table 3 
gives the pertinent data on the bulls which were removed from the experi- 
ment. The bull lOE which was not used from July 10^ to No%'^einber 1, 
because of lameness, w^as fed the experimental ration throughout this period. 
The other bull which was injured, 4C, did not recover from the badly 
bruised knee and was sold. 

From the fertility data obtained before the start of the investigation, 
bulls 6E and 8E, though slightly lower in per cent of non-returns to service 
than the mean of Group I, were not expected to drop in fertility. After the 
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first few months on the experiment it was apparent that they were decreas- 
ing in fertility. For best field results in artificial insemination it would have 
been desirable to use them no further for breeding. However, it was desired 
to continue the wheat germ oil feeding over a sufficiently long period of 
time to determine whether they could be impi’oved in fertility. 'Wlieii no 
improvement resulted, after 8 months in the case of one bull and 10 months 
with the other, they were removed from the experiment. They were both 
used for breeding during this period. 

Bull 8C was the lowest in fertility of the control bulls during the prelimi- 
nary period, though hot so low that he was not expected to continue in ser- 
vice. This bull was used regularly for three and one-half months and so 
many of the cows to which he was artificially bred failed to settle that the 

TABLE 3 


Bulls removed from the experiment and reasons for removal 


Bull 

uimi- 

ber 

Dates used 

Reasons for 
removal 

Spermatozoa 
count 
per mm.® 

1 

Motility 

Fertility to 
date! 

s 1 0 

Ci 

1C 

Wiaeat germ oil-fed bulls 

6E 

8E 

lOE 

4/15/«to 2/21/42 
4/13/41 to 12/11/41 
6/ 1/41 to 7/10/41 
and 

11/ 1/41 to 4/14/42 

Low fertility 
Low fertility 
Lameness — " 
rested for 
about 3^ 
months 

thousands 
1,332 (35)* 
928 (27) 

% 

74 (46) 
71 (34) 

364 

219 

143 

73 

39.3 

33.3 

Control bulls 

4C 

8C 

9C 

4/15/41 to 7/14/41 

4A5/41 to 4/ 4/42 
4/15/41 to 10/29/41 

Bruised 
knee — sold 
for beef 
Low fertility 
Refusal to use 
artificial 
vagina 

752 (14) 
1,970 (10) 

57 (17) 
67 (12) 

61 

125 

24 

65 

39.3 

52.0 


* ( ) = ejaculates in axerage. 
f S = services. 0 = conceptions. 


semen was not used for insemination after July 30. Semen samples were 
collected on November 25, 1941, March 26 and April 4, 1942, but all were 
of such poor quality that they were not used for breeding cows. Bull 9C 
settled as many cows as the average bull in either group during the 6 months 
he remained in the experiment. However, he became reluctant to use the 
artificial vagina and finally refused to mount the teaser cow. He was kept 
on hand until Pebraariq 1942, but could not be induced to attempt to mount. 
It is believed that an injury 'was responsible for this condition. 

Egect of season on semen characteristics. In table 4 are shovm the aver- 
age volume, spermatozoa count and per cent of motile spermatozoa in the 
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semen collected from each group of bulls arranged by months. These data 
show a tendency for the per cent of motile spermatozoa to be somewhat lower 
ill the early spring months, and tlie eoneentration of spermatozoa to be low- 
est in August. No significant difference between months was found for 
service time, and for volume of semen, but for spermatozoa count and per 
cent of motile spermatozoa the differences between months were highly sig- 
nificant ( < 1.0 per cent level of probability) . For the mimber of ejaculates 
discarded the difference between months ivas just significant at the 5 per 
cent level of probability. These data indicate that the seasonal fliictiiations 
in semen quality which occurred in central New York with the 20 bulls were 
not as great as those reported for 4 bulls in Indiana by Erb, Andrews, and 
Hilton (3), or for 6 bulls in Maryland by Phillips et al, (9). 

Fertility of the hulls. The method used to determine the fertility of the 
bulls is presented in detail elsewhere (11). In brief, it consisted of deter- 

TABLE 4 

Effect of season on semen characteristics. Average of all ejaculates for which 
information was available 


Wheat germ oil-fed gioiip I Control group 



V olume 

Concen- 
tration 
per mm.® 

Motility 

Y olume 

Concen- 
tration 
per nim.® 

Motility 


cc. 

thousands 


% 

cc. 

thousands 


% 

April 15-30 

6.3 

( 25 ) 



63 

5 

( 23 ) 

5.1 

( 31 ) 



59 

3 

( 30 ) 

May 

5.8 

( 53 ) 

1120 

( 48 ) 

64 

9 

(51) 

5.3 

( 58 ) 

1094 

( 58 ) 

65 

4 

(57) 

June 

6.2 

( 57 ) 

1348 

( 49 ) 

72 

0 

( 54 ) 

5.2 

( 62 ) 

1436 

( 54 ) 

73 

.0 

( 61 ) 

luly 

6.2 

( 50 ) 

1133 

( 50 ) 

73 

.6 

(54) 

5.3 

( 69 ) 

1128 

( 62 ) 

77 

0 

( 69 ) 

August ’ 

5.6 

( 58 ) 

977 

( 53 ) 

76 

.9 

( 58 ) 

5.6 

( 56 ) 

1055 

( 46 ) 

75 

1 

( 54 ) 

September 

6.0 

( 48 ) 

1078 

(35) 

76 

.0 

(45) 

5.9 

( 56 ) 

1198 

( 51 ) 

79 

8 

( 55 ) 

October I 

5.5 

( 28 ) 

1338 

( 24 ) 

73 

1 

( 29 ) 

5.6 

( 48 ) 

1511 

( 36 ) 

78 

6 

( 46 ) 

November ^ 

6.3 

( 52 ) 

1247 

( 28 ) 

71 

.2 

( 42 ) 

6.3 

(39) 

1211 

(22) 

71 

7 

( 33 ) 

December 

5.9 

( 50 ) 

1241 

( 29 ) 

69. 

.8 

(48) 

5.5 

( 57 ) 

1252 

( 33 ) 

71, 

8 

( 53 ) 

January 

5.4 

( 48 ) 

1287 

( 25 ) 

76, 

.0 

(431 

6.4 

(46) 

1216 

( 30 ) 

76, 

.1 

( 46 ) 

February 

6.1 

( 41 ) 

1474 

( 25 ) 

67 

.6 

( 35 ) 

5.8 

(54) 

1417 

(231 

69, 

.2 

( 51 ) 

March 

5.9 

( 44 ) 

1312 

( 28 ) 

66 

.9 

( 36 ) 

6.0 

(59) 

1185 

( 49 ) 

72, 


( 43 ) 

April 1--14 

6.4 

( 16 ) 

1260 

( 15 ) 

68 

.7 

( 15 ) 

6.3 

(19) 

1182 

( 16 ) 

70, 

.0 

C 8) 


mining the proportion of the cows to w’hieh each bull was bred which did not 
return to service within a period of at least five months after service. Such 
cow^s w^ere considered to be pregnant. This method varied from that em- 
ployed to determine the relative fertility of the bulls during the preliminary 
period for, in this case, information regarding fertility was desired immedi- 
ately prior to the start of the experiment and it was impossible to wait until 
the five months^ period had elapsed. 

The summarized data covering the entire experimental period is pre- 
sented in table 5. In the original data the number of services and concep- 
tions were summarized for each bull for each month. The percentage of the 
total services resulting in conception were then ealeiilated and an unweighted 
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analysis of variaiiee of tlie percentage figures, using the accepted methods 
for analysis ivlieii unequal numbers are found in the groups (12), -was made. 
Ill a preTioiis publication (11) it was felt necessary to use a weighted analy- 
sis because the per cent of services resulting in conception from individual 
ejaculates was under consideration. In this ease the data for each month 
are a summary of several ejaculates and the extremely wide range in ser- 
vices per item observed in the basic data of the earlier study was not found. 

The results of the statistical analysis of the fertility data show a signifi- 
cant (< 5.0 per cent level of probability), though small, difference in fer- 
tility in favor of the control bulls over the wheat germ oil-fed group. These 
results are not interpreted as indicating a depressing effect of wheat germ 
oil on the fertility of the bulls to which it was fed. However, no benefit to 


TABLE 5 

Fertilitii of the experimental hulls 


WHieat germ oil-fed hulls 

Control bulls 

Bull 

No. 

No. eon- 

% eon- 

Bull 

No. 

No. con- 

% eon- 

Ko. 

Services 

eeptioiis 

j eeptions 

No. 

services 

eeptions 

eeptions 

IE 

379 

170 

5 44.9 

IG 

303 

126 

41.6 

2E 

611 

320 

1 52.4 

2G 

1024 ! 

601 

58.7 

3E 

345 

133 

38.6 

; 30 ! 

641 ' 

294 

45.9 

4E 

450 

274 

60.9 

: 40 

86 

58 

67.4 

5E 

298 

177 

: 59.4 

oC 

889 1 

412 

46.3 

6E® ; 

364 

143 

1 39.3 

6C 

576 ! 

309 ^ 

53.6 

7E 

121 

.54 

44.6 

70 

382 

220 

57.6 

8E^ 1 

219 

73 

! 33.3 1 

80* 

61 

24 

39.3 

9E 

460 

244 

! 53.0 

90* 

125 

65 

52.0 

lOE : 

434 

235 

54.1 

IOC 

478 

273 

57.1 

Total 

3681 

1S23 

49.5 

Total 

4565 

2382 

52.2 


* Dropped from experiment after Tarring periods of time for low fertility or refusal 
to use the artificial vagina. 


fertility resulted from supplementing the ration composed of common, natu- 
ral feeds with the wheat germ oil. The addition of wheat germ oil to the 
ration was ineffective in preventing a decrease in fertility in two bulls which 
finally had to be wdthdraw’n from use in artificial insemination. ' 

In spite of the fact that an effect of season on the quality of semen pro- 
duced by the bulls wms shown, the fertility of the same semen did not show 
correlated trends. The statistical analysis showed no significant difference 
in fertility between months. 

SUMMARY 

• Two comparable groups of 10 bulls each were selected. Both were fed 
a p "aetical ration made up of common, natural feeds which supplied plenty 
of Tamili E for normal reproduction of rats. To determine whether or not 
add^^T^^^^^ vitamin E in the form of solvent process wheat germ oil would 
be'M *''t the reproductive performance of bulls used extensively for artificial 
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insemination, each of tiie bulls in one group received one oiiiiee daily of tlie 
wlieat germ oil during an expeiumental period of one year. Over 1,250 
semen samples were collected from the 20 bulls, and over 8,200 cows were 
artificially inseminated during the experiment. 

A comparison of the results from the two groups warrants the following 
statements : 

The feeding of one ounce daily of solvent process wheat germ oil in addi- 
tion to the normal ration did not : 

1. Increase the volume of semen produced by the bulls; 

2. Increase the spermatozoa concentration in the semen ; 

3. Improve the motility of the spermatozoa ; 

4. Shorten the time required for service ; 

5. Decrease the number of semen ejaculates which were discarded as 
being of too poor quality for use in artificial insemination ; 

6. Improve the fertility of the bulls to which it was fed ; 

7. Nor prevent two bulls from decreasing in fertility to such low levels 
as to force their withdrawal from use in artificial insemination. 

A study of the seasonal effects showed a highly significant decrease in 
percentage of motile spermatozoa during the early spring months and a 
highly significant difference between months in spermatozoa count. The 
lowest average count was found in August, but there was no significant 
difference in fertility of the bulls from month to month. 
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EETEXTION OP MOLD FRAGMENTS BY BUTTER, BUTTERMILK 

AND M'ASH WATER DURING MANXTACTURE OF BUTTER* 

P. E. ELLIKES 

Furdue Agricultural Experiment Station, W. Lafayette, Indiana 

111 earlier studies on factors affecting mold content of cream and butter 
( 5 ) it became apparent that more information was needed on retention of 
mold fragments by butter during elmrning and subsequent operations. The 
question of mold retention is of considerable importance since the validity 
of any mold fragment (mold myeelia) count on butter depends upon the 
percentage and uniformity of mold transfer from cream to butter during 
eliurniiig. If the percentage of mold carried over to butter were low, or 
more important, if the percentage carried over were quite inconsistent from 
one churiiiiig to another, a count of mold fragments in the butter could not 
provide a reasonable index of the mold content of the cream. If such were 
the case, use of the ^Yildmaii mold myeelia method as an index, of mold con- 
tent and quality of raw cream wmild be entirely unjustified. 

Eesiilts of two previous investigations on this problem do not agree. 
Wildman (6) reported results of an experiment in which four samples of 
cream ‘were churned and mold myeelia determinations run on buttermilk 
and butter. Mold myeelia counts on the butters 'were 76, 40, 92 and 68 and 
on the respective buttermilks 4, 4, 4 and 24. Naturally the results could 
not be quantitative because the "Wildman method does not attempt to mea- 
sure total mold filament in a sample. However, in one churning in which 
their yield w'as measured, 2 parts of butter to 3 of buttermilk were obtained. 
The blitter had a mold myeelia count of 76 per cent anci the buttermilk 4 per 
cent. A reconstituted sample consisting of 2 parts of the melted butter and 
3 parts of the buttermilk shoived a mold myeelia count of 60 per cent. 
Wildman concluded that churning actually concentrated the mold in the 
butter. 

Adams and Parfitt (1) concluded that mold myeelia retention by butter 
of mold myeelia in cream was in general between 20 and 30 per bent. 
Oospora lactis strains were retained from 9 to 42 per cent with an average 
retention of 23 per cent. From the standpoint of dead mold fragment 
studies on butter, these results must necessarily be discounted because they 
are based on agar plate counts and no consideration was given to weights 
or' volumes of butter, buttermilk and wash water involved. 

In view of its significance and the disagreement between studies thus far 
on this subject, it seemed advisable to investigate it further. 

Eeceived for publieatioa January 29, 1944. 

* Published with the approval of the Director of tlie Experiment Station a,s Journal 
Series Paper ISTo. 125. 
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EXPERIMENTAL 

Iiivestig'ations were first carried out on laboratory cliiirnings in ciiiart 
mason Jars. In order to more closely simulate the degree of agitation eii- 
eoiintered in commercial churns, 1600-ml. quantities of sour cream contain- 
ing varying amounts of mold were neutralized, pasteurized and then churned 
in gallon-size Dazey churns. The studies were then continued on coiniiier- 
ciai ciiurniiigs. ‘When this was done, a sample of the neutralized, pasteur- 
ized cream was collected as it went into the churn, and 1600 ml. of this 
sample also churned in a Dazey churn. Experimental lots of cream were 
churned at about 45° F. The temperature of these lots increased slightly 
during churning. The commercial lots were churned at about 48-50° P. 
About 25-30 minutes were required for the experimental churnings and 45 
for the commercial. Some exceptions occurred and will be noted. A record 
of pounds or grams of cream, butter, buttermilk and wash w^ater was kej)! 
for every churning. Because the amount of mold in the wash water was so 
small, only the first lot of wash water was analyzed for each of the commer- 
cial churnings. Only one washing was made in the case of laboratory churn- 
ings. In every churning an attempt was made to wash with a volume of 
water equivalent to that of the cream churned. 

Estimation of total combined length of mold fragments in butter, butter- 
milk and wash water was made by the new quantitative method described 
in a previous paper (4). Some modifications in technique were necessary 
for buttermilk and wash water. Buttermilk was diluted at the rate of one 
gram per 19 ml. and wash water at the rate of 5 grams per 5 ml. hot gum 
solution. Cream was diluted in the same manner as butter. Total length 
of filament in all samples was calculated in terms of mm. per mgm., then 
total mm. of mold per gram or pound of sample calculated, and the total for 
the respective butter, buttermilk, wash water or cream in any one churning 
was determined. The percentage of the total visible mold filament contained 
in each portion of a churning was determined from the sum of that accounted 
for in butter, buttermilk and wash water. This procedure was considered 
preferable to using the cream count for the total because cream counts were 
less accurate than the others. Special methods of heating and agitating the 
cream samples are necessary to break up clumps of mold fragments. 

It should be pointed out also that the counts included only visible mold 
fragments and not the tiny segments of Oospora laotis sometimes known as 
spores. In some trials attempts were made to include the tiny segments 
by using 500 x magnification. They were significant in contributing to 
buttermilk and wush water, but not butter counts. However, the mold 
fragments that would contribute to an official mold mycelia count' on butter 
were of primary interest and the studies therefore confined largely. to frag- 
ments that might affect this value. Fragments 20 to SO microns in length 
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were easily detected in butter and soniewliat less readily in buttermilk. 
They were included in the eoiuits. The tiniest frag’nieiits or so-called spores 
of 0. lactis were about 10 microns in length. 

Eesiilts in tables 1 and 2 indicate that in both laboratory and eoiiiinereial 
ehiiriiings the mold fragments are predominantly retained by the butter. 
On a mgin. basis the total filament in butter usually ran several times greater 
than in buttermilk. Wash water generally contained much less mold than 
buttermilk. When weights of the different materials (butter, buttermilk 
and wash water) in a churning were taken into consideration, the butter in 
almost every ease contained the majority of the mold that could be aecoiiiited 
for in all three materials. The total filament in butter, buttermilk and wash 
water usually approximated, roughly, the amount in the cream. 

It was obvious that most of the longer mold filaments remained in the 
butter. There were many more long filaments in the butter than in the 

TABLE 1 


Total visible mold fragments rctaifit^d by butter, biiilermilb and wash water 
during laboratory churning 


Cliiiraing 

Sample 

Total visible | 

mold j 

Grams of 
sample 

Per cent of total 
visible mold 

1 

Butter 

) 

mm. per mgm. | 
14.98 1 

585 

68.52 


Buttermilk 

4.15 I 

930 

i 30.22 


Wmsh water j 

0.10 

1560 

1.26 

2 

Butter 1 

28.92 

400 

64.14 


Buttermilk | 

5.71 

1115 * 

35.33 


Wash water | 

0.60 

1560 

0.53 

3 

Butter 1 

, 154.58 

j 3 f 0 

79.50 


Buttermilk i 

1 11.69 

i 1165 

18.68 


Wash water ! 

! 0.S7 

; 1535 

1.82 


other materials. The shortest filaments of about 10-50 iiiierons in length 
were most niiiiierous in the buttermilk although many were also observed 
in the butter. In some churnings where the low fat content or other factors 
increased the chnniiiig time and agitation considerably, it was observed 
that the filaments were for the most part shorter and retention in the butter 
was lower. The percentage of total mold in buttermilk and wash water was 
greater than usual in such eases. Xo. C-2 in table 2 is an example of such 
a elmrning. 

The mold content of the cream does not seem to have affected appre- 
ciably the percentage retained in the butter, buttermilk or wash' water, 
respectively. In table 1 the third churning contained many times as iiiiieli 
mold filament as tlie others and yet the percentage retained in the butter 
is not significantly greater than in the first two cliiirnings. Biiiiilar results 
may be noted in table 2. Controlled studies on this one phase might be 
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desirable. Tlie leiigtli of filaments and ainoiiiit of agitation during* eliuriiing 
probably determine, more than the mold content of the cream Iioav niucli 
mold will be distributed between butter and the buttermilk in a churning. 

There is some indication that a high fat cream results in more mold 
being retained in the butter than when a low fat cream is churned. This 

TABLE 2 


Tfjial risible wold fragments retained h\j butter, buttermilk and wash water 
during commercial churning 


Cliuniing 

Sample 

Total visible 
mold 

Grams of 
sample 

Per cent of total 
visible mold 

A-1 

Butter 

mm. per mgrn. 

25.37 

(y. 454) 

400 

64.77 


Buttermilk 

5.54 

900 

31.83 


"Wash water 

0.41 

1300 

3.40 

B-1 

Butter 

13.25 

635 

92.42 


Buttermilk 

so 

mfJmJ 

1265 

7.23 


Wash water 

.017 

1900 

0.35 

C-1 

Butter 

1 15.24 

945 

81.82 


1 Buttermilk 

1 1.56 

i 1755 

15.53 


Wash water 

j 0.17 

; 2700 

2.65 

B-2 

Butter 

15.33 

822 

72.91 


j Buttermilk 

3.46 

! 127S 

25.62 


j Wash water 

0.12 

1 2100 

1.47 

C-2 

1 Butter 

10.74 

: 504 

48.95 


Buttermilk 

3.46 

1 1296 

40.61 


Wash water 

0.64 

i 1800 

10.44 


may be related to churning time, amount of agitation required to bring about 
the reversal of phases and possibly other factors. 

Judging from results in table 3 the Dazey churn provided about the same 
degree of agitation as the commercial churns since the total mold filament 
contents of butters obtained by the two methods were equivalent in every 


Total visible mold fragments in butter from laboratory and commercial 
churnings on same lots of cream 


Churning - 

New quantitative method 

Wildman method 



Laboratory 

Commercial 

Laboratory 

Commercial 


mm. per mgm. 

mm. per mgm. 

per cent 

per cent 

A 

22.78 

25.37 

86 

88 

B -1 

12.04 

13.25 

77 

81 

B *2 

15.76 i 

15.33 1 

68 

72 

0-1 

15.85 

15.24 ! 

56 

46 

0-2 ^ 

11.35 ! 

10.74 

1 

46 

56 


An interesting contrast is brought out by table 4. Percentage retention 
o£ bacteria differs greatly from that of the mold. The same slides as -wei-e 
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used for iiiokl counts served also for bacterial counts. The oil iiiiiiiersioii 
objective was used, however, for counting bacteria. The average iiiiiiiber 
per field was niultii^lied b}' the mieroseopic factor to obtain the niiiTiber per 
gram as for the microscopic count per ml. of milk (2). The percentages 
retained in the butter, buttermilk and wash wmter, respeetivelv, were thus 
determined. The bacteria stained quite intensely and were easily recog- 
nized. Starter was added to the cream before chiirning lots C-1 and €-2 
on which the bacterial study was made, and therefore siiffieieiit bacteria were 
present to enable a fairly accurate study. That the bacterial counts were 
accurate is indicated by the fact that the total number aeeoimted for in 
blitter, wash ivater and buttermilk just about equaled the number in the 
cream before churning. 

TABLE 4 


Bacteria retained ???/ hntierf hcitennlU: and u'ash water during ecrmmerclal cluirning 


Cburniiig 

Sample 

Biveet nik-ro- 
seopie count of 
bacteria 

i 

Grams of 1 
sample i 

Per cent of total 
niimber 

C~1 

Butter 

HfK per gm. 
25.980,000 

{x454') 

1 955 

1.15 


Buttermilk ^ 

1,065,180,000 

1755 

87,75 


tVasli water 

87,466,000 

1 2700 

11.09 

C-2 

1 Butter 

i S.660,000 

504 

i 0.75 


j Buttermilk 

415,680,000 

1296 

1 91.57 


j Wash water 

25,114;000 

1800 

7.6S 


The counts in every ease indicated that bacterial cells tended to pass out 
into the buttermilk and also many more were removed by the wash water. 
An interesting fact in this connection was that the bacteria, which appeared 
to be a large-celled strain of Streptococcus cremorts, formed chains of cells 
wiiieli were in some eases longer than the filaments of mold retained by the 
butter. The chains of baeteiual cells were about one- third to one-half the 
diameter (width) of the mold filaments. 

DISCITSSION 

The reason for the striking retention of mold filament bv butter during 
churning is not entirely clear. Apparently the longer mold filaments are 
enmeshed or held by the fat phase when butter is formed during eliuriiing. 
These may be broken up to some extent during the ensuing woi'king of the 
butter (3). It would seem that more of the long chains of bacterial cells 
might also be retained by the butter unless some difference in constitution, 
either physical or chemical, plays a part. Such explanations as effect of 
electric charge of bacteria and fat globules can only be speculative. 

In evaluating the results, some consideration should be given to breaking 
up of filaments during churning and subsequent loss of the tiny fragments 
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ill tlie biitteriiiilk. This ■aiiclonbtedly occurred to some degree and its extent 
eoiild not be aceiiratelv determined by the eonntiiig methods used. Such a 
loss, if it could be determined, mnild actually lower the percentage^ figure 
retained for butter and increase that of the buttermilk. Studies with higher 
magnification indicated that when the shortest fragments were included, the 
retention figure for butter was lowered about 10-20 per cent and that of the 
buttermilk increased by this much. However, as mentioned earlier, these 
fragments would not eoiitribiite to the official mold mycelia count on butter 
and therefore were of less interest than the longer ones. 

The results indicated that for studies of this nature the Dazey paddle 
eluirn provided conditions at least roughly approximating eommereial 
churns. Since the total mold content of experimental and commercial but- 
ters from the same cream were about equal, the degree of agitation in the 
two types of ehiirning must have been similar. This might not be true of 
churnings wliere quart mason jars are agitated to produce the butter. 

For the most part the results substantiate the early report of "Wildman 
regarding retention of mold by butter. It appears that most of the total 
mold filament is retained by the butter and that a high mold content cream 
is likely to produce a high mold content butter. 

Nevertheless, such factors as fat content of cream, churning time and 
possibly others may be significant in affecting the carry-over of mold from 
cream to butter. The results indicate that in some churnings the variation 
in retention is enough to appreciably affect the mold mycelia count of butter. 
This is of significance in assessing the quality of butter on the basis of its 
mold mycelia eoumt, particularly where rigid standards are enforced and 
butter consequently confiscated when it slightly exceeds the legal limit set 
by enforcement officials. Two lots of cream of equivalent mold content 
might not yield butters with the same mold mycelia count, if factors affect- 
ing retention enter into the i3ieture. More data based on ciiiantitative 
studies are needed on the significance of these factors. 


SUMMARY 

Total visible mold filament was determined. on butter, buttermilk and 
wash water of both laboratory and commercial churnings. 

Results indicated that butter usually retained more than 50 per cent of 
the total length of mold filament and that the wash water contained a very 
small percentage. The butter appeared to retain the long filaments during 
churning and most of the tiny fragments passed out into the buttermilk. 

Studies on some commercial churnings indicated that butter retained a 
very small percentage of the bacteria of the original cream. ,Most of the 
bacteria were found in the buttermilk. This occurred in spite of the fact 
that many chains of the bacteria approximated the mold filaments in size. 
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Tile total mold content of laboratory eliiirned. butter approximated tiiat 
of eoiiiniereialiy eliiinied from the same respective lots of cream. 

Tlie possible effects of other factors such as fat content of cream and 
degree of agitation during churning on retention of mold fragments by 
butter are briefly discussed. 

nEPEEENCEB 

(1) Adams, J., axd Pakfitt, E. H. Some Factors InRuencing tlie Amount of Mold 

2^lTcelia ill Butter. Jom. Daisy Sci., 22: 307-374. 1939. 

(2) Amesicax Public Health Assy. Standard Methods for the Examination of Dairy 

Products. Ed. S. 1941. 

(3) Claydon, T. J. Some Factors Affecting the Mold Content of Cream and Mold 

Mycelia Count of Butter. Ark. Agr. Expt. Sta. BuL 432. 1943. 

(4) Ellikeh, P. R. a New Quantitative Method for Estimation of Total Combined 

Length of Mold Fragments in Butter. JouR, Dairy Bci. 27: 369-376. 1944. 

(5) EllikeRj P. R., ayd Browy, W. H. Factors Affecting Mold Content and Quality of 

Cream. Purdue Agr. Expt. Sta, Bui. 465. 3942. 

(6) WiLDMAY, J. D. Develoxnnent of Methods for the Estimation of Mold in Cream or 

Butter. Jour. Assoc. Off. Agr. Chem., 20: 93-100. 1937. 




UTILIZATION OF UREA AND GROWTH OF HEIFER CALVES 
WITH CORN MOLASSES OR CANE MOLASSES AS THE 
ONLY READILY AVAILABLE CARBOHYDRATE 

IN THE RATION^' 

E. C. MILLS, C. C. LAEDIXOIS, I. W. EUPEL and E. B. HAET 
From the Departments of Biochemistry and Dairy Eushandry^ College of Agricultnre, 
rniversity of Wisconsin^ Madison, 

III previously piiblislied studies on the utilization of urea by the riimi- 
naiitj we presented data showing the need for a readily feriiieiitable carbo- 
hydrate (4) ill the ration, and for a low level of dietary protein (8), in 
order to have eifeetive transformation of the urea nitrogen into protein. 
Corn starch ivas the carbohydrate studied. Wlieii urea was added to the 
basal ration of timotlw hay only, hydrolysis of the urea to NH.-, and dis- 
appearance of the NHa from the rumen contents ivere very slow, and six 
hours after feeding there ivas no increase of the protein level of the rniiien 
contents above that ivhen the timothy hay alone was fed. When starch and 
urea were fed the protein level of the rumen contents rose rapidly and the 
ammonia nitrogen disappeared in six hours. 

The question still remained whether a more soluble carbohydrate, such 
as that in molasses, would be as effective as starch in allowing utilization 
of the urea nitrogen. If it could so function it might be possible in sugar- 
producing countries to construct economically suitable rations for growing 
calves or milking cows from roughage plus urea and molasses, adequately 
fortified with bone meal, salt, and vitamin A if needed. The present experi- 
ment 'was set up with this purpose in mind. Corn molasses w’as used rather 
than cane molasses in order to provide a more rigorous test, since the corn 
molasses is practically free of nitrogen. 

, EXPERIMENTAL 

For this study w'e used a 1,000-ponnd Holstein heifer with a rumen 
fistula equipped with a removable rubber plug to facilitate sampling. The 
animal w’as fed the experimental ration twice daily, at 8 a.m. and 6 f.m. 
Samples for analysis w’ere taken from the rumen at intervals of 1, 3, and 
6 hours after the morning feeding. Sampling w’as done twice w^eekly, on 
Monday and Friday, for a period sufficiently long to give constant results 
for several days. A period of three w'eeks after a change in ration was 
always allowed for an adjustment period before studies on the riinieii con- 
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tents were undertaken. The samples were taken by mixing tlie top solid 
matter adjacent to the fistula with the more licpiid ingesta underneath until 
a iiniforni consistency was obtained, and then withdrawing a sample of about 
a kilogram. Four hundred grams of the sample were used for a dry matter 
determination, and 20-grain samples were used for triplicate determinations 
of urea, ammonia, and total nitrogen. The urea wms determined by the 
urease method and the ammonia by magnesium oxide distillation. Urea 
nitrogen, ammonia nitrogen, and protein were calculated as per cent of the 
total dry matter present. The protein was calculated as (total nitrogen 
iiiiiiiis (NHs-N plus iirea-N) x 6.25). 

The daily experimental rations in the order of feeding were as follows: 

Period 1 — Timothy hay alone (12 pounds). The hay for this and all 
subsequent periods was cut to lengths of % inch or less by running through 
a hammer mill. 

Period 2 — Timothy hay (10 pounds) e-corn molasses (4 pounds). 

Period S — Timothy hay (10 pounds) -f corn molasses (4 pounds) e-urea 
(200 grams). 

Period i — Timothy hay (10 pounds). 

Period 5 — Timothy hay (10 pounds) e- commercial corn starch (2 pounds) 
e- corn molasses (2 pounds). 

Period 6 — Timothy hay (10 pounds) e- starch (2 pounds) + corn molasses 
(2 pounds) urea (200 grams). 

Period 7 — Timothy hay (10 pounds) -f starch (2 pounds) e- corn molasses 
(2 pounds) e- casein (0.4 pound). 

Period S — Same as period 7 e-urea (200 grams). 

Period 9 — Timothy hay (10 pounds) e-eorn molasses (4 pounds) e-urea 
(200 grams). 

RESULTS 

The results are siimiiiarized in table 1. The figures giA^en are the average 
analyses of samplings on three or four separate days. The NHs + urea-N 
and total protein values are given as per cent of the dry weight for one, 
three and six hours after feeding. 

The chief point to he observed is that the comhiiiation of timothy hay, 
molasses, and urea (Period 3) gave a protein level of the rumen contents of 
9.5 to 10.0 per cent, someAThat loAver than the level of 10 . 75 - 11.0 per cent 
protein obtained on feeding a similar ration in Avhich starch had been substi- 
tuted for one-half of the molasses (Period 6). In addition, the ammonia 
nitrogen disappeared more slowly on the hay, molasses, and urea ration than 
it did when starch was added, remaining at a level of 0.09 per cent at six 
hours, as contrasted Avith 0.024 per cent. 

Eesiilts ATith the other rations, AV^hieh acted as controls for the above tAvo 
rations, were as expected, both the protein and NH3-N remaining at Ioav 
leA^els. 
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The addition of casein to the hay, starch and molasses (Period 7) raised 
the protein level of tlie iiigesta to 9 per cent, as would be expected. The 
further addition of urea (Period 8) then caused the protein level to rise 
to 11 per cent of the total dry matter. The protein did not rise above this 
level, even though plenty of XH3 was available, as shown by the fairly high 
NHs-N at six hours. As previously sho^m (8), the effectiveness of urea 
utilization depends upon the level of preformed protein in the diet ; the more 
protein above a certain level fed, the less urea will be utilized in raising the 
protein of the iiigesta to the maximum. 

TVlieii it was evident from the results just discussed that molasses was 
at least fairly effective in aiding urea utilization, it was decided to determine 
wdietlier growing calves could meet their protein requirements largely from 
urea, with molasses as the carbohydrate source. Three heifer Holstein calves 

TABLE 1 


Influence of mfions on nrea ntilization in rumen of fistula heifer 

Per cent on dry basis 


Period 

i 

Ratioii 

NH,-N v Urea-N 

Total protein 

1 hr. 

3 hrs. 

6 hrs. 

1 hr. 

3 hrs. 

6 lirs. 

1 

Timotliv luiT 

0.036 

0.041 

0.025 

i .50 

7.83 

7.72 

2 

Timotliv liar -r molasses ... 


0.010 

0.008 

6.5S 

6.17 

6.52 

3 

Timothy hay e molasses + 
urea 

0.139 

0.153 

0.090 

9.79 

9.98 

9.28 

4 

Timotliv liar 

0.033 

0.024 

0.02«.> 

6.15 

6.62 

7.62 

5 

Tiniotliy iuiy -t- starch + 
molasses I 

O.OIS 

0.013 

0.010 


7.04 

7.85 

6 

Timothy hay t starch -f 1 

molasses i- urea ; 

1 O.loS * 

0.150 ^ 

0.024 

i 11.06 

1 10.77 

10.90 

t ; 

Timothy hay 4- starch + j 

molasses -r casein ; 

1 

0.030 j 

0.025 

0.014 

i 

j S.95 1 

1 

i 9.02 

9.11 

8 

Timothy hay -r starch + 
molasses -h casein 4 urea 1 

0.1S4 

0.220 

0.094 

1 10 . 0 s ^ 

i 

1 11.10 

11.00 

9 

Timothy hay -t- molasses + i 
urea 

0.146 

0.141 

0.076 

t 

1 9.35 

t 

j 9.69 

9.37 


weighing about 200 pounds each were placed on a ration of the following 


composition; ’ • 

Timothy hay 49 

Cane molasses 60-70 

Bone meal 2.0' 

Urea 2.5 

Iodized salt 1.0 


Shark liver oil capsules 

The total protein equivalent in the ration (nitrogen x 6.25) was 11.6 per 
cent The timothy hay (6 per cent protein) supplied approximately 3 
pounds and the cane molasses (1.6 per cent protein) from 0J6 to 1.02 
pounds of protein per 100 pounds of ration. Seven to eight pounds of pro- 
tein equivalent were supplied by the urea. Consequently the urea fur- 
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nished from 60 to 65 per cent of the total nitrogen in the ration. The cane 
molasses contained 71.1 per cent of solids and in these groMdh studies was 
used instead of corn molasses. The shark liver oil was furnished at a level 
supplying 1500 International Units per day per calf. The ration was 
thoroughly mixed except for the shark liver oil which was fed daily in 
capsules. The ration was a sticky, uninviting mixture, but in spite of this 
there was no failure of ready consumption. It Avas fed at an increased 
daily imte as determined by complete consumiitioii. The calves Avere AA^eighed 
AA^eekiy. Some milk Avas also fed for the first three Aveeks until the calves 
became accustomed to the ration. The molasses was increased from 60 to 70 
parts after seAmii Aveeks when it became apparent that a maximum rate of 
gTOAAdh AA’as not being attained, possibly because the caloric intake Avas 
insufficient for their needs. 

During a period of 19 AA’eeks on the above ration the calves gained a total 
of 102, 104, and 82 pounds, respectiA^ely, or 0.77, 0.78, and 0.62 pounds per 
day, or about half the normal rate of groAvth. The weights of the calves 
after this period were 337, 290, and 267 pounds, respectwely. See table 2 
for summary of all of the groAvth data. 


TABLE 2 


Showing rates of daily gain on the different rations 


Eation 

Gains in wt. (lbs. daily) 

Xo.l 

isro.2 

i No. 3 

Timothy hay + cane molasses + urea + bone meal + 
iodized salt + vitamin A 

0.77 

0.78 

0.62 

Timothy hay 4- cane molasses + urea 4 0.3 pounds 
casein 4 bone meal 4 iodized salt 4 vitamin A 

1.7 

1.5 

1.6 

Timothy hay 4 cane molasses 4 urea 4 0.3 pounds 
starch 4 bone meal 4 iodized salt 4 vitamin A 

1.3 

1.4 

1.5 

Timothy hay 4 corn molasses 4 urea 4 starch 4 bone 
meal 4 iodized salt 4 vitamin A 

1.4 

1.5 

2.0 


It seemed eAudent that normal groAAdh could not be obtained Avith such 
a ration as timothy hay, supplemented with molasses and urea. Since the 
intake of urea Avas large it was probable that the proteins of the microorgan- 
isms in the rumen were furnishing the larger share of the amino acids 
necessary for groAAdh. We have other data inAmlving urea feeding which 
show that a total protein equivalent in the ration of 9.49 per cent (2) was 
sufficient for growth in cahms at a rate of 1.0-1.2 pounds per day. Such 
ratifjns always contained a certain amount of natural protein derived from 
yellow corn. Consequently Ave AA’ere inclined to believe that the proteins 
produeed on the ration used in these later experiments were more likely 
deficient in quality than in quantity of total protein. With this point in 
vieAV, AA-e added 0.3 pound of casein per day (commercial crude) to the ration 
of each calf in order to determine whether the sIoaa" groAvth was due to a 
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protein defieieiiey. Tliis addition raised the total protein ecpiiTaleiit in the 
ration to 13.5 per cent on the basis of a daily eonsiiiiiptioii of 14 pounds of 
the basal ration. 

Over a period of seven weeks No. 1 gained 83 pounds (daily average 1,7 
pounds). No. 2 gained 72 pounds (daily average 1.5 pounds;, and No, 3 
gained 78 pounds (daily average 1.6 pounds). These results iiidieate tliat 
the nioIasseSj urea, and timothy hay mixture was either not able throiigli the 
proteins of inieroorganisms to provide protein of best quality for optimiini 
growth or to provide suffieient protein. While the total protein equivalent 
of the ration without e.asein was 11.6 per cent, eomparing well with that of 
siieeessful rations made of nrea, starch, corn meal and timothy hay, it iiiiist 
be kept in mind that in an open system suck as prevails in the riiiiiiiiaiit 's 
tract, some of the molasses sugar may have moved out of the rumen faster 
than was the case with starch. This would account for the somewiuit lower 
protein in the rumen content and explain why an addition of 0.3 pound of 
casein daily increased markedly the rate of growth. ' 

After seven weeks on the ration containing casein the latter was with- 
drawn and ill its place 0.3 pound of corn starch was substituted daily. 
Because of the shortage of cane molasses it was only possible to make grcuvtli 
observations over a span of 4 weeks. In this period No. 1 gained 36 pounds, 
equivalent to 1.8 pounds per day. No. 2 gained 40 pounds, equivalent to 
1.4 pounds per day. No. 3 gained 41 pounds, equivalent to 1.5 pounds per 
day. The average daily gain of the three calves in this period was 1.4 
pounds as compared with 1.6 pounds daily during the period of casein feed- 
ing, but it was a much better rate than secured on the molasses ration alone 
and compared favorably with the gains on the molasses-casein ration. Evi- 
dently the addition of the small quantity of starch had allowed a more effi- 
cient protein manufacture to proceed — ^probably due to the continuous 
hydrolysis of the starch and a more continuous source of soluble sugar. 

To test further the hypothesis that with carbohydrate and urea an effec- 
tive protein mixture for noimial growth could be secured, the three calves 
were changed to the following ration : 

4 : 2.25 pounds timotliv hay 
32,75 pounds starch 
20 pounds com molasses 

2 pounds bon© meal 

2.5 pounds urea 
1 pound iodized salt 

Vitamin A %vas furnished as shark liver oil in gelatin capsules. No other 
protein source was available except that of the timothy hay. Corn molasses 
was used to improve the palatability and also to introduce a sugar eoiitain- 
iiig no nitrogen. On this ration No. 1 gained 81 pounds in 8 weeks equiva- 
lent to 1.4 pounds per day. No. 2 gained 82 pounds in 8 weeks equivalent 
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to 1.5 poiuicls pel- clay. No. 3 gained 114 poniids in 8 weeks equivalent to 
2.0 pounds per day. 

These are considered normal rates of gain for this species. It is evident 
that a ration carrying, in addition to the roughage, only molasses with a 
small amount of starch or the reverse can adequately function with urea as 
the main source of nitrogen. Further, when rumen conditions are optimal 
for the growth of the microorganisms the amount and cpiality of the proteins 
produced can cause a maximum rate of growth of heifer calves. 

DISCUSSION 

Prom the results of the first phase of the feeding experiments it seemed 
possible that not enough protein was formed in the rumen and what was 
formed may have been of poor quality. As stated above, it has been shown 
(2) that calves will grow almost normally on rations where the only nitrogen 
sources were yellow corn, starch, timothy hay, and urea, and at a protein 
equivalent level of 9.49 per cent. This seemed to indicate that the protein 
formed from the urea by the microorganisms in the rumen was of fair 
quality but that the corn proteins may have acted as effective supplements. 
In the case of lambs, Harris and Mitchell (1) reported that the addition of 
urea to a ration unable to support appreciable growth converted the ration 
into one capable of promoting a nearly normal rate of growth. In all of our 
w'ork on growth or milk production with calves or cows the greatest effective- 
ness of urea w-as obtained only in the presence of certain grain proteins and 
starch. 

The experiments outlined in this paper would indicate that proteins of 
high quality and sufficient quantity can be formed in the rumen by the 
microorganisms there, provided some slowdy hydrolyzable carbohydrate is 
provided, such as starch. A roughage plus urea and a soluble sugar alone 
will be less effeef ive. No doubt our early success in attaining normal growffli 
of calves with a ration containing corn meal and starch w’as mainly clue to 
the provision of a slowly hydrolyzable carbohydrate such as the starch in 
the corn meal or starch itself. 

These results also raise the question as to the validity of the idea that the 
biological importance of protein is of less significance in the ease of the 
riiiniiiaiit (7) than with other animals. At the moment the idea prevails 
that the ingested proteins in the ease of the ruminant are largely converted 
to microorganism proteins and these then serve as the primary amino acid 
source for the animal. This idea bans the older conception that liquids and 
finely ground feeds largely pass directly through the esophagal groove into 
the lower digestive tract. 

The experiments outlined in this paper contribute nothing definite 
toward an answ^er to that problem. However in 1915 (3) Hart and Hum- 
phrey published data showing that for maintenance and milk production in 
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COWS the proteins of milk showed a definitely ^i-eater efficiency than those 
of com or wiieat. Positive nitrog-eii balances were maintained with milk 
proteins f<ir the production of as high as 35 pounds of milk per day but 
negative balances resulted when the proteins at tlie same level were derived 
from the corn or wheat grain. Such results indicate that all ingested protein 
is not reworked to the protein of the microorganism but that at least some 
of that ill finely divided condition may go directly through the riiiiieii to the 
lower digestive regions. 

The results of the fistula experiments indicate that only partial iitiliza- 
tioii of urea by iTiiiiiiiaiits occurs when molasses is the chief source of readily 
fermentable carbohydrate. Protein is formed in tlie rirmeip but the final 
level of protein reached is not as high as when a less soluble carbohydrate 
is in the ration. This does not mean that the combination of urea and 
molasses is ineffective, but that it is not as efficient as a eoiiibiiiatioii of urea 
and starch. The calf growth experiment indicates the same fact. These 
results agree with those of Pearson and Smith (6), wdio found that upon the 
ineiibatioii of imnieii ingesta hi vitro witli urea and various carbohydrates, 
staixdi was most effective in causing synthesis of protein, as indicated by the 
decrease in NPN in tlie medium. Galactose and maltose w'ere also good, 
sucrose w'as fair, wdiile dextrin, glucose, glycerol and lactic acid were rela- 
tively poor. 

Ill another paper of the same series (5), they eoiielude that in vivo experi- 
ments of the type reported here cannot be expected to yield any certain 
evidence of protein synthesis from urea until truly representative samples 
of total ingesta can be obtained and analyzed, and until more is known of 
the effect of urea on the passage of the various dietary eonstitiieiits through 
the rumen. We agree that obtaining representative samples of the entire 
rumen is very difficult, and that little is known of the rate of passage of 
various eonstituents out of the rumen. Hoivever, we believe that reliable 
results can and have been obtained with our technique in spite of these 
difficulties. Instead of trying to obtain samples representative of the entire 
rumen content, we took samples from the same spot every time^ made as 
similar as possible by controlling the moisture content. By this method 
samples can be taken from day to day that vary only slightly in percentage 
composition; triplicate determinations on the same sample check very 
closely. 

SUMMARY 

1. Further studies on urea utilization in a rumen fistula heifer are 
reported. 

2. With timothy hay as the sole ingredient of the basal ration utilization 
of urea -was low. Com molasses provided a suitable substrate for the 
development of an active fiora, and urea was fairly well utilized. The 
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protein of the rumen contents (dry basis) rose from a basal leuel of 7.7 per 
cent to 9.28 per cent. 

3. With timothy hay, starch, corn molasses and urea as the ration the 
protein level in the rumen contents rose from 7.7 per cent to 10.9 per cent. 
Apparently somewhat better utilization of urea was made on a starch-con- 
taining ration than on one containing mainly a more soluble sugar. 

4. In growth experiments with young heifer calves a ration made of 
timothy hay, cane molasses and urea fortified with common salt, bone meal, 
and Yitaiiiiii A gave a subnormal rate of growth (0.6 to 0.8 pound daily) . 

5. Wlien this ration was supplemented with 0.3 pound of crude casein 
daily iioriiial growth was attained. Substitution of an equal weight of corn 
starch for the casein likewise resulted in normal growth. 

6. For maximum growth of calves a ration made of a roughage, molasses 
and urea must be supplemented with some additional source of a more in- 
soluble but fermentable carbohydrate or insoluble protein which can be 
drawn from the cereal grains or concentrates, such as the oil meals. In our 
limited ex^ierience this supplemental matexhal need not be more than 3--5 per 
cent of the total ration. 
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ROIEX SYNTHESIS OF THE VITAMIN B COlffLEX AS 

INFLUENCED BY RATION COMPOSITION^' 


C. C. LABDIXOIS, E. C. MILLS, G, A. ELYEHJEM axb E. B. HABT 
From the Department of JBiocJiemistrp^ College of Agriculture, 

Fniverdfy of Wiseonsuif Maaisort 

Since Bedidel ct aL (2) reported that cattle^ and possibiv all other riimi- 
iiaiits, possess the ability to syntliesize the vitamin B (complex) in the 
riiinen, workers have been interested in the problem from the following 
points of view. First, w’hat effect do the eonstituents of the ration have 
upon the synthetic powers of the organisms involved and tlie quantity of 
vitamin produced ; second, what types of organisms are responsible for these 
syntheses. Wegner et al. (21) reported that cows are able to synthesize 
thiamine, riboflavin, iiieotiiiic acid, pantothenic acid, pyridoxine, and biotin ; 
and further, the addition of thiamine to the ration apparently increases the 
synthesis of the above members of the B-complex except nicotiiiie acid. They 
(22) also found that increased nitrogen as added casein in the ration did not 
increase synthesis; in fact it decreased it in the ease of riboflavin. McEiroy 
and Goss (10, 11, 12, 13, 14, 15), working on the same problem, reported that 
sheep and cows were able to synthesize riboflavin, pyridoxine, thiamine and 
pantothenic acid on vitamin-low’^ rations. Jukes and McEiroy (15) have 
also shown that biotin was smithesized in the rumen. Hunt et al, (4, 5) 
reported that there w^as a direct correlation between riboflavin synthesis and 
the carbohydrate in tlie ration, and that ground yellow corn was better than 
whole corn as a substrate in the synthesis of riboflavin. They were unable 
to detect any thiamine synthesis in their experiments as Judged by the com- 
parative amounts in the ration and the rumen at various time intervals after 
feeding. On an exclusive alfalfa hay ration they found less riboflavin in the 
dried ingesta of the rumen than in the hay ; suggesting either that the ribo- 
flavin was rapidly absorbed by the animal or in part destroyed. Kick and 
associates (7) reported that the rumen contents of steers fed alfalfa hay 
exclusively w^ere alkaline in reaction, whereas if grain and a protein supple- 
ment w^ere fed with alfalfa hay the rumen contents were acid in reaction. 
These results would in part explain the low values reported above for ribo- 
flavin since it is destroyed in an alkaline medium. The normal pH of the 
rumen will vary with the ration, but is usually between 6.8-7.3, McEiroy 
and Goss (12) reported that adjusting the pH of the rumen samples to 
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and pyridoxine assay respectively. 
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4.5“5.0 with concentrated HCl before drying enhanced the riboflavin values. 
Wegner et al. (22) reported that adjusting the pH to 4.5-5.0 did not increase 
the riboflavin values as was reported by McElroy and Goss. 

Ill this paper there is reported the effect of nitrogen added to the ration 
as urea and the extent of the vitamin B-eoinplex synthesis in the rumen of 
the fistiilated cow^ and calf. The aim was to determine if there was any 
correlation between added nitrogen and carbohydrate on the vitamin synthe- 
sis ill the riiinen. 

EXPERI]MENTAL 

The animals were fed the following rations for a period of one month. 

Ration 

1. Timothy hay (12 lbs.) 

2. Timothy hay (10 lbs.) Corn molasses (4 lbs.) 

3. Same as No. 2 plus 200 grams of urea per day. 

4. Timothy hay (10 lbs.) 

5. Timothy hay (10 lbs.) Corn molasses (2 lbs.) Starch (2 lbs.) 

6. Same as No, 5 pins 200 grams of urea per clay. 

7. Timothy hay (10 lbs.) Corn molasses ( 2 lbs. ) Starch (2 lbs.) Casein 
(acid washed) (0.2 lbs.) 

8. Same as No. 7 phis 200 grams of urea per day. 

At the end of each period a sample of the rumen content was removed for 
vitamin assay. The samples were very constant in composition on the basis 
of moisture content. The sample and an amount of 95 per cent ethyl 
alcohol, equal in volume to the weight of the sample, were placed in the cold 
room, 7° C., for one week to stop bacterial action and fexmientation. The 
contents were then placed in enamel trays and dried at 37-40° C. The dried 
samples were ground in the Wiley mill and assayed for biotin (16), nicotinie 
acid (8, 18), pantothenie acid (20), riboflavin (17, 19), thiamine (3), folic 
acicT (9), and pyridoxine (1). All of the constituents of the ration were 
assayed for the above vitamins. (See tables 1, 2 and 3.) 

RESULTS 

The addition of nitrogen, as urea, resulted in increased synthesis of 
nicotinic acid, biotin, riboflavin and pantothenic acid in the rumen, but 
significantly only when molasses or a readily fermentable carbohydrate wms 
supplied TOth the ration. 

The synthesis of pyridoxine could not always be correlated with the vari- 
ation in ration composition. Hovrever, in some instances a correlation wms 
obtained, as for example, with rations 3 and 6. In these instances the addi- 
tion of nrea to 'the ration containing a fermentable carbohydrate definitely 
increased the synthesis of pyridoxine. 

1 The folic acid values are ealeiilated as follows: 

% activity 
~ = y/gTiim 
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There was no direct correlation between iiiereased urea intake and vita- 
riiiii thesis in respect to ‘’‘folic aekid’ 

TABLE 1 

Com — vitamin content ptr frrani of dry ramen mnferlal 


Batioii 

Tliia- 

Biiiie 

Eibo- 

flaviii 


Parito- i 
theiiic 
acid 

a'la 

PTii- 

doxine 


lig./gram 

iig^/grani 

lig./gram 

iig./gram 


ug./gram 

1 

0.17 

6.7 

31.0 

3.4 

207 1 0.42 

2.6 

o 

1 1X24 ^ 

7.6 

39.6 

3.9 

253 0.33 

1 2.6 

i 

! 0.36 

13.6 ; 

64.7 

12.0 

' 277 ; 0.42 

i 4.2 

4 

1 0.18 I 

7.7 : 


5.S 

207 i 0.52 

i 2.6 

5 

i 0.18 1 

5.3 i 

30.9 

5.7 

212 : 0.31 

1 2.5 

6' 

1 0.08 

12.7 

j 65-6 i 

1 17.9 

289 IOoj 

4.3 

7 

0.12 

11.5 

I 56.6 

1 18.2 

1 250 i 0.34 

2.8 

8 

0.35 

12.0 

! 

j 59.0 

! I6.B 

1 309 i 0.49 

1 * 

2.6 


TABLE 2 

Calf — vitamin eotifvnt per a ram of dry rumen 7naterkiJ 


Eatioii 

TWa- 

mine 

Bibo- 

tiaviii 

Nico- 

tinic 

acid 

Panto- 
then ie 
acid 

Biotin 

j Folic 
! ii eid 
i 

Pyri- 

(ifixintf 


pg-/gram 

pg./gram 

\ig^/fjram 

\ig.fgram 

mpg./ 

gram 

pg./gram 

lid gram 

1 

0.39 

7.4 

24.3 

0.3 

210 

1 0.41 

3.2 

O 1 

0.14 

5.2 i 

31.0 

! 5.2 j 

224 

! 0.33 i 

2.0 

3 

0.46 

10.3 ; 

49.6 

i 10.8 ! 

299 

1 0.37 i 

3.9 

4 j 

0.69 

9.7 

40.4 

: 9.5 1 

188 

1 0.64 

3.3 

5 ! 

0.45 

8.6 

40.4 

i 5.8 

1 200 

! 0.24 

2.7 

6 1 

1 1.00 

15.7 

57.2 

j 13.3 

! 307 

1 0.33 

3.6 

7 i 

i 0.59 1 

,11.6- 

56.8 

! 17.8 

240 

1 0.55 

2.8 

8 1 

j 0.65 

12.8 

I 70.8 

i 18.0 

294 

1 0.49 

2.8 


TABLE 3 


Tifamin content of ration ingredients per grmn of dry material 


ATaterial 

Thia- 

mine 

Bibo- 

davin 

Nico- 

tliiie 

acid 

Panto- 

thenic 

acid 

— 

Biotin 

Folic 

acid 

Pjri- 

doxiiie 


iW-/ 

\id-/ 

lid-/ 

ji0-/ 

«n?./ 

|i^-/ 

liffS 


gram 

gratn 

gram 

gram 

gram- 

gram 

gram 

TiinotliT liav 

1.8 

5.5 

23.5 

8.6 

ms 1 


3.9 

Corn molasses 

< 0.1 

< 0.05 

< 0.05 

< 0.05 

< 10.0 : 

< 0.1 

< 0.1 

Corn starch 

< 0.1 

< 0,05 

< 0.05 

< 0.05 

< 15.0 i 

< 0.1 

< 0.1 

Urea 

< 0.1 

< 0.05 

< 0.05 

<0.05 

; < 12.0 i 

< §.l ^ 

< Cl.l 

Casein — acid w.ished ^ 

<0.1 ! 

< 0.05 

< 0.05 

<0.05 

[ < 20.0 il 

<0.05 

<0.05 


111 the ease of thiamine and with a non-synthetic type of ration we 
eiieoniitered the same effect as observed by Hunt ef al (4, 5). The value 
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obtained indicate that there was little, if any, synthesis of this essential 
vitamin. It was reported by Kennersley ct al. (6) that thiamine is oxidized 
ill alcoholic solution if allowed to stand for several months. To test this 
point four samples of rumen contents were dried directly, omitting- the 
alcoholic storage, and the same values as shown above were obtained, iiidi- 
eating no destruetioii by storage in alcohol. 

Timothy hay is the only constituent of the ration that contained any 
appreciable amount of the above vitamins (table 3). 

SUMMARY 

The addition of urea as a source of nitrogen definitely increased the 
synthesis of riboflavin, nicotinic acid, biotin and pantothenic acid in the 
bovine rumen when a readily available carbohydrate was present. Pyri- 
doxiiie and ^^folic acid’’ could not be too closely correlated with ration com- 
position. In the absence of a readily fermentable carbohydrate and proba- 
bly a low population of microorganisms the synthesis of the members of the 
B complex is not at a maximum. 

The data indicate that thiamine may not be synthesized in the rumen. 
However, it seems more than probable that it is synthesized, but absorbed 
or destroyed at a rate greater than its synthesis. 
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CAROTENE LOSSES IN FRESHLY CUT PLANT TISSUES' 


E. K. WAUGH, S. M. HAUGE anb J. H, HILTOX 
Depart menfg of AgriciiUnral Chemistry and Dairy Mushandry, Purdue pnirersify 
Agricultural Experiment Station^ Lafayette, Indiana 

The carotene in hays and silages is the most important source of vita- 
min A for dairy cows. The amount of carotene in hays is largely dependent 
upon the curing process. Hays may contain relatively small aiiioiiiits of 
carotene even though they were made from fresh, green plant materials with 
high initial carotene contents. In studying this loss of carotene during the 
hay-euriiig process Hauge (8) obtained evidence for the presence of a caro- 
tene-destroying enzyme in alfalfa. That there may be differences in enzyme 
activity in different plants is indicated by the work of Bolin (3) who found 
that when fresh plant material was stored at five degrees F. for ten months, 
the loss of carotene in alfalfa was 62.7 per cent while there was little or no 
loss ill bromegrass, meadow fescue, orchard grass, and Kentucky blue grass. 
During the slimmer of 1941 the authors found that bluegrass, even thoiigli 
dry and browm in color due to lack of rainfall, eontaiiied a surprisingly large 
amount of carotene. This suggested the possibility that bluegrass might be 
low in the carotene-destroying enzyme. In studies with grasses and berseem, 
Seshaii and Sheii (12) concluded that neither mold or bacterial action 
affected carotene losses and apparently doubted that enzymes have any great 
effect upon carotene losses in these plants. With these facts as a basis, it 
seemed desirable to study the losses of carotene in various plant materials 
under conditions which were favorable to enzyme activity and under other 
conditions ■which inhibited enzyme actions. 

EXPERIMEXTAD 

The relative enzyme activity of various iilant materials iras determined 
by the loss of carotene during an incubation period at a favorable tempera- 
ture. The difference in loss of carotene between two samples, the enzymes 
having been inactivated by heat in one and not in the other, may be at- 
tributed directly to the effect of the enzymes. Some samples w’ere incubated 
ill an atmosphere of nitrogen. Any decreases in carotene losses of auto- 
claved samples incubated in an atmosphere of nitrogen are probably due to 
inhibition of iincatalyzed oxidation. Any decreases in carotene .losses of 
samples not autoclaved but incubated in an atmosphere of nitrogen should 
be due to inhibition of uiicatalyzed oxidation and also to inhibition of 
catalyzed oxidation if the enzyme is aerobic. 

The plant materials, %Thieh had been secured fresh from the field, were 
immediately chopped into quarter to half-inch lengths and mixecL In the 

Beeeived for piiUlkatioii Eebruarr 7, 1944, 

* Journal Paper Xo. 152 of the Purdue tJnivemty Agricultural Experiment Station. 
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first series of experiments weigiied samples were placed into a series of 
stoppered test tubes and treated as follows : 

1. Fresli material, no treatment. 

2. Incubated 24 hours at 37 C. in a hot air oven. 

3. Aiitoelaved five minutes in steam at 115'^ C., followed by incubatioii 
for 24 hours at 37^ C. 

4. Incubated 24 hours at 37° C. in an atmosphere of nitrogen. 

5. Autoclaved five iiiiniites at 115° C., followed by incubation for 24 
hours at 37° C. in an atmosphere of nitrogen. 

6. Autoclaved five minutes at 115° C. 

7. Dried in vacuum oven at 100° C* for 24 hours. 

The carotene content of these samiiles was determined by a modification 
of Moore’s method (9). After the carotene had been transferred from the 
alcohol-petroleum ether solution into petroleum ether, the solution was 
saponified by sliaking in a separatory funnel for about one minute with 
25 ml, of 25 per cent potassium hydroxide in methyl alcohol. This was fol- 
lowed by washing with water until free of alkali and alcohol, drying with 
anhydrous sodium sulfate, and passing the petroleum ether carotene solution 
through a diealciuni phosphate column as described by Moore, 

The results of these experiments are showui in table 1. It was found that 
the loss of carotene upon incubation of the fresh material was greatest in 
alfalfa and red clover and lowest in oat, bluegrass, and bromegrass. How- 
ever, in the samples which were autoclaved before incubation a high per- 
centage of the carotene was retained in all eases. The differences in losses 
between the two treatments indicated that the chief losses during treat- 
ment 2 “were due to the enzyme activity in the plants, while the variation in 
losses indicates considerable variation in enzyme activity of the different 
plant materials studied. 

Inactivation of enzymes by autoclaving or vacuum drying did not greatly 
affect the carotene content. This shows that the carotene in plant materials 
is fairly stable to these heat treatments. 

Samples incubated in an atmosphere of nitrogen retained a high percent- 
age of their carotene. This indicates that the enzyme is probably aerobic 
and may be the same as the one described by Haas and Bohn (7) and studied 
bj" several other workers (1, 2, 5, 6, 10, 13, 18). Further evidence of this 
relationship was found when aqueous extracts of alfalfa, red clover and blue- 
grass were tested for carotene-destroying enzymes by the method of Reiser 
and Fraps (10). It was observed that the destruction of carotene in these 
solutions was similar to that observed in the plants. This indicates that the 
carotene-destroying systems in the different plants are similar. 

Autoclaved samples lost some carotene upon incubation which indicates 
that non-eiizymie oxidation occurred. This may explain why some of the 
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samples incubated under nitrogen were iiiglier in carotene than those incu- 
bated ill air following autoclaving. 

Ill order to eliminate any effect that the iiroce>ss of autoclaving might 
have upon carotene losses, a series of experiments was conducted in which 
samples were both incubated and autoclaved. One sample of the material 
was autoclaved and then incubated, and the other was iiieiihated and then 
autoclaved. Thus each sample received the same treatment some time in the 
procedure and consequently any differences in the carotene contents may be 
ascribed solely to the effect of the enzyme. The results of these experiments 
are shown in table 2. It again becomes evident that there is considerable 
variation in the enzyme activity of plants. 


TABLE 2 

Micrograms of carotene per gram of plant material {dry basis) after ineiihation with and 

without enzyme inactivaiion 


Date 

Material 

i 

Treatment 

Per cent 
carotene 
destroyed 

Eemarks 

1943 

^AI 

lA 

7—22 

! 

1 Corn-leaves 

519.8 

264.9 

49.0 

Height — 3' 

7-22 

Ladino clover-leaves 

104.0 

1 29.S 

i 71.4 

Second growth 

S-6 

j 1st year sweet clover > 

86.0 

12.9 

85.0 

Height — 

S-6 

Korean lespedeza-stem 
and leaves 

263.5 i 

212.0 

1 19.5 

Height — 4'' 

8-9 i 

Soybean-leaves 

432.S 1 

368.6 

! 14.8 

Bloom stage 

8-9 s 

Bluegrass i 

548.8 ! 

439.0 i 

J 20.0 

Clippings 

8-11 ! 

Timotliv ! 

245.9 ! 

150.9 

38.7 

First year 

! 

9-7 

Corn-leaves 1 

i 

381.0 

252,2 

33.8 1 

growth 
Height — 8'^ 
Early dent 

9-7 i 

1 

Korean lespedeza-stem : 
1 and leaves 

1 

219.0 i 

201.9 

7.8 

stage 

Height — 6^' 

9-3 

1 Soybean -leaves 

315.0 

188.2 

40.1 

Pod stage 


* AI — Autoclaved 5 minutes at 115° G. followed by ineiibatiug 24 liours at 37° G. 
lA — Incubated and then autoclaved. 


These experiments verify the earlier observations of Haiige (8), who eon- 
eluded that enzyme action was responsible for a considerable portion of the 
large initial loss of carotene in alfalfa wMeli follows the cutting of the plant. 

The data presented indicate that certain plant materials, because of their 
low enzyme activit^y, should lend themselves more readily than others in 
grass mixtiires for the production of hays and silages of high carotene con- 
tent. Undoubtedly there is considerable enzymatic destruction of carotene 
during^ the wilting of some plant materials before ensiling and therefore 
reduction of the interval of time between cutting and ensiling should result 
in silage of higher carotene content. Kussel et al, (11) found that in the 
field-curing of hay the carotene losses were greatest immediately following 
Cutting and the i*ate of losses "was closely correlated with conditions favorable 
to enz^mie action. Dehydration of the plant material is one of the factors 
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slowing tlie enzyme action. Cambiirn ef aL (4) found greater percentage 
loss of carotene in siiii-eured than artificially dried hays during storage. 
This indicates that the enzymes are active in dry stored Ana teria, Is. If this 
is triie, the advantage of inactivating the enzyme or having iiiateriai with low 
enzyme content is apparent. 

Further investigations should be made to study factors which affect the 
enzymatic activities of |)laiit materials to obtain information that would be 
helpful in conserving the carotene in hay, silage and certain dehydration 
products. 

SUMMARY 

Studies have been made to determine the losses of carotene in freshly cut 
plant materials under conditions which -were favorable to enzyme activity 
and under other conditions 'which inhibited enzyme action. 

Evidence is presented 'which indicates that the destruction of carotene, 
due to enzymatic activity, is greater in alfalfa, red clover, and sweet clover 
than in the oat plant, Kentucky bluegrass and bromegrass. Other plants 
such as corn, soybeans, and lespedeza seem to have an intermediate enzyme 
activity. The enzyme appears to be aerobic in character. 

Although the carotene losses in w'ilted plant materials are related to 
enzyme activity, some iion-enzymie destruction also oeeurs. 
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SYMPOSIA PAPERS 

I. RELATION OF BODY SIZE TO MILK YIELD 

A. The Energy-Size Basis of Measuring Milk Yield, W. L. Gaines, 
Ujiiversihj of Illinois, Urhana, III. 

This paper presents some material bearing on the validity of using: 
FCMg/Wi as a criterion of dairy development or lactational drive in dairy 
coAvs and goats. PCMs is milk-enei'gy yield in pounds four per cent milk 
per day for the first eight months (243 days) of lactation and \Yt is live 
weight of the cow or doe within 31 days after parturition for the same lac- 
tation — PCMs/Wi to be measured for each lactation of each cow or doe. 

It is sliovm that PCMg is practically unaffected by age independent of 
Wi. On the other hand, FCMg is profoundly affected by AVi independent of 
age. Ignoring age FCMg tends to be proportional to Wi. Direct test shows 
that FCMs/Wi is independent of age, hence age corrections are eliminated. 
Direct test shows also that disregarding age PCMs 'Wi is independent of 
Wi. These statements apply to dairy cows and does separately, not both 
together. 

In the data presented there appears to be a ceiling for PCMg/W^ at about 
55 in cows and 110 in goats; also, average FCMg/Wi is about twice as high 
in goats as in coays. That is, vdth. respect to PCMg/'''Wi or metabolic in- 
tensity : cows are like cows; goats are like goats ; cows and goats are different. 

A breeding philosophy : A, breed for size, criterion Wi (large or small 
as desired) ; B, breed for milk composition, criterion fat percentage (high 
or low as desired) ; C, breed for lactational drive, criterion FCMg/Wi (high 
as feasible). A, B and C are mutually independent in inheritance. The 
main thought is to bring dairy development into sharp focus through the 
quantitative measure PCMs/Wi. 

A tentative standard of excellence in the progeny test of a bull : 1000 
.PCMg/^^i = 40 as an average of his daughters; as a plurality of daughter 
lactations becomes available, variance between daughters is not substantially 
greater than that within daughters (or inti’aelass eoiTelation « 0). The first 
indicates a high level of dairy development, the second indicates homoge- 
neity. 

591 
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To estimate gross efficiency (100 x milk ealories/cligestible feed calories) 
tlie following formulas are indicated : 

Cows, 62.5 (1000 FCM8,AYi)/'( 80,3-1000 FCMs/Wi) 

Does, 62.5 (1000 FCMs/Wi)/(160/:3 - 1000 FCMsAYJ 
Two serious objections to gross efficiency are: it is subject to a large error 
of estimate; it largely obliterates differences bet^veen indiyidiials, particu- 
larly at high levels of FCMs/'YTi. 

B. The Significance of Body Size in the Economy of Milk Production.^ 
Samuel Brody, Department of Dairy Husbandry, University of 
Missouri, Columbia, Mo. 

Bod}^ size affects the economy of milk production. This fact is gen- 
erally known, but it is confused by associated factors which w’e should like 
to clarify. , 

1. ^^Dairy merii^^ : definition^ One reason for the confusion surround- 
ing the effect of body size on the economy of milk production is lack of clear- 
cut definitions. The designation dairy merit’’ is related in most minds to 
the economy of milk production, but the relation is not clear ; it means dif- 
ferent things to different men. Let us, therefore, define it sharply by saying 
that dairy merit” represents the biologic efficiency of milk production as 
measured by the percentage of consumed TDN energy which is converted 
into milk (FCM) energy. The ceiling of ‘‘dairy merit” is 50 per cent; not 
over I or 50 per cent of the consumed TDN may be recovered as milk energy. 
(The other 50 per cent of the consumed TDN is expended for maintenance 
and related processes.) The dairy merit of “good” dairy animals is about 
25 per cent, that is, they convert J or 25 per cent of the TDN energy into 
milk energy; the dairy merit of “superior” animals is about 33 per cent, 
that is they convert ^ or 33 per cent of the consumed TDN energy into milk 
energy. 

2. Body size and dairy merit. Dairy merit appears to be^ independent 
of body size as such. Eats, dairy goats, and dairy cattle of all sizes may 
convert up to about 50 per cent of the ingested TDN energy into milk energy. 

3. Body size and monetary profit of milk production. If 1600-lb. and 
800-lb. cows are in the same dairy merit class, both, for example, converting 
30 per cent of the consumed TDN energy into milk energy, and if other con- 
ditions are eciual, the profit on the milk produced by the 1600-lb. cows will be 
much greater than on the 800-lb. cows. This is because the labor cost of 
milking, feeding, cleaning, housing, bookkeeping, etc., is nearly half as much 
for one 1600-lb. cow as for two equally efficient 800-lb. cows. 

This may be illustx’ated by a more specific numerical example. Suppose 
that it is desired to produce 1000 lb. FCM daily at 30 per cent efficiency. 

* Contribution from the Bept. of Bairy Husbandry, Mo. Agr. Exp. Station Journal 

Series No. 948. 

1 Mo. Agr. Exp. Sta. Bes. Bull. 366, 1943. 
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By definition of efficiency” (ratio of milk energy produced to TDN energy 
consumed), the same amount of TDN, namely^ 625 Ib., will be consumed to 
produce this 1000 lb. PCM regaz'dless of the size of the animals. But the 
number of animals required to produce 1000 lb. PCM per day at 30 per 
cent efficiency will differ with their size; by our method of eompiitation^ 
(PCM yield varies with require fifty-three 700-lb. cows but 

only twenty-six 1700-lb. cows to produce the 1000 lb. PCM at 30 per cent 
efficiency. By Gaines’ method of computation (PCM yield varies directly 
with the difference would be still greater, it would require twice as 

many 800-lb. cows as 1600-lb. cows to produce 1000 lb. PCM. Since it re- 
quires about twice as many stanchions and twice as much labor to handle 53 
than 26 eo\vs, the overhead costs (housing, milking, labor, and so on) will 
be roughly one-half and the profit correspondingly greater in producing the 
milk with the 1700-lb. than wuth the 700-lb. cows of equal dairij merit. In 
other words, a given number of large animals constitute a larger business 
W'ith greater profits than small animals of the same dairy merit 

It was shown^ by a typical numerical example, involving payment for 
labor, management, and housing, and when all other conditions are equal, 
that the profit on 1400-lb. cows (30 of wffiich are required to produce 1000 lb. 
PCM at 30 per cent efficiency) is about 50 per cent greater than on 900-lb. 
cows (42 of which are required to produce PCM at 30 per cent efficiency). 
Needless to say that ^^ali other conditions” are never equal. There are dif- 
ferences in market demand and in price; in topography and climate; in 
ability to graze on rolling country and ability to withstand heat and drought ; 
in clumsiness of larger animals; in greater efficiency of smaller animals as 
result, not of body size as such, but because of the more intensive selection 
that has been practiced on the smaller animals, and so on, wdiieh may nullify, 
in part, the above generalization concerning the greater profitableness of 
large animals under a given set of conditions. This, then, is in the nature 
of a general rule, and like other general rules has many exceptions. The 
importance of these exceptions to this general rule will be reduced in pro- 
portion to the increase in equitable standardization of milk quality, stand- 
ardization in feeding, management, and housing conditions, and standardiza- 
tion in selection and breeding on the basis of dairy merit (rather than on 
the basis of absolute milk yield, which is ambiguous because of its depen- 
dence on body size as well as on dairy merit). 

C. Body Size and Lactation Rate, Max Ejieibee, Division of Animal Mus- 
Mndry, College of Agriculture^ University of Califortm, Dmis, 
CaMf. 

The infliienee of age on lactation rate can 'be determined when the effect 
of body size is derived independently as on the basis of the theory that lacta- 
tion capacity is proportional to the metabolic body size (| power of body 
weight) of the cows. 
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The effect of body size on lactation rate cannot be calculated from rec- 
ords within one herd because; (1) the variability of lactation ratCj aside from 
influences of size, ranges from ± 10 to zt 20 per cent of the mean rate even 
in well-bred herds kept under uniform conditions, and (2) size differences 
in those herds are as a rule relatively small. The unreliability of results 
from a recent attempt to calculate size .effects on lactation rates within a 
herd is demonstrated, and a table is given showing the number of cows neces- 
sary to distinguish significantly between production rate per unit weight 
and production rate per unit of metabolic body size. 

A table is supplied in which metabolic bod}^ size can be read directl}^ 
when body weight in pounds is given. 

Lactation rate per unit of metabolic body size is a sound basis for the 
calculation of age effects on lactation rate. 

The average daily milk production during a lO-month period, expressed 
as milk energy, and divided by the mean metabolic body size, is suggested as 
an important result in summaries of production records. "When the cows 
have been kept under quasi ideal conditions such a result may be known 
as relative lactation capacity, expressing quantitatively the inherent ability 
of cows for milk production and thus useful as a major criterion for breed- 
ing dairy cattle. 


II. POSTWAR PROBLEMS OF DAIRYING 

A. Post-War Problems of Dair3dng. Ernest L. Anthony, Dea7i of Agri- 
cultiire, Michigan State College, East Lansmg, Mioli. 

It is already certain that our agricultural colleges will bear much of the 
brunt of the post-war thinking and planning as it will effect the policies and 
changes in the Agriculture of the United States at the close of the war. In 
nearly every agricultural college in the United States may be found, today, 
faculty committees busy at this task. There is some tendency in the public 
mind to belittle post-war planning efforts on the basis that the first job is 
to will the war. No one will disagree that the first objective of all of us is 
to win and stop this needless war as soon as possible, but to so win the war 
and lose the fullest benefits of the first years of peace by unpreparedness is 
foolish indeed. 

Post-War Plminmg Should Become Post-War Preparedness, It is cer- 
tain that American Agriculture will, as it did followdng World War No. I, 
feel the full effect of production to the peace time demands of a war- weary 
world. 

The dairy industry stands todaj" in the front rank of all American farm 
products in its war role. This indnstry, thus, has been called upon to 
expand to the utmost It stands today at the peak of its production and 
demands. 
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To visualize tlie future wliicli confronts tlie dairy industry, I feel several 
tiling's must be given careful consideration. I liave listed tlieiii as tiiey 
appear important to me.' Undoubtedly many others sboiilcl be diseiissecl 

1. What will he the future effect of the tvklespread recognition of dairg 
products as essential in good nutrition^ 

Today, while prices are good, the industry should use a large percentage 
of its price gains to more fully educate all the public to the eontiniiiiig place 
which dairy products have in a rational adequate diet program for the 
nation. 

2. What ahout the post-war competiiion of other foods f 

The dairy industry is in for been competition. This competition will be 
from within and from without. 

3. What ahout our consumer relation in the post-war period f 

The dairy industry, in its rapid growth, has been so busy just producing 
more and more that it has paid but little attention to its consumers. 

The future security of its present importance depends upon a loyal satis- 
fied consuming public. It does not have it now. 

4. Will the dairy industry face a lower price striicturef 

The greatest inflation in the industry at present is in cattle prices. The 
future of pure bred cattle is at stake in the present activity. 

5. What ahout Research in the Dairy Industry? 

No other industry has benefited more from the results of fundamental 
and practical research than has the dairy industry. On the other hand, as 
an industry it has done the least in its own behalf. 

B. Is Dairy Expansion to Continue? Earl Weavee, Michigan State Col- 
lege^ East Lansing, Mich. 

Certain data relating to dairy production, prices and income in the 
United States for the 34-year period 1910 to 1943 inclusive are presented. 
These data attest that dairy production in this country has shown a quite 
consistent increase. The average annual total milk production in the United 
States for the 34-year period has been 90,644,000,000 pounds. In 1910 the 
production was only 72 per cent of this average ; it increased to the peak of 
132 per cent in 1942. 

But certain facts here are commonly overlooked. In the 34-year period 
the incline in production has been interrupted on only three occasions. In a 
war period, which is accompanied by general agricultural prosperity, rela- 
tive interest in dairy production subsides. The curve flattened in the years 
of World War I. Production also dropped from 1942 tO' 1943^ in spite of 
enormous pressure for increased milk production during the latter year. 
Even greater pressure is being exerted in 1944. Approximately a million 
dollars a day in incentive pajunents to dairy producers have been spent since 
last October, but expected production this year will not change greatly from 
that of 1943 and will he less than 1942. 
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The third interruption in the inclining enrye was in 1934 and was due to 
the drouth that year with the extreme shortage of feed and the consequent 
slaughter of cows. 

Data pertaining to the price of milk are also shown. For the 34-year 
period the average price has been $2.23 per hundred pounds for milk. This 
ranged from the highest l^l‘iee for 1919 of 152 per cent of the average down 
to the low point for 1932 of 61 per cent of the average. In 1943 it was back 
up to 139 per cent of ai’erage and will be higher in 1944 because of the incen- 
tive payments. 

Several observations can be drawn from these data on milk prices but 
the most significant observation is that these prices have no direct correlation 
with total milk production. Most persons anticipate a decline in the general 
price level in the postwar period. Obviously milk prices will drop too but 
the data here indicate it is erroneous to conclude therefrom that milk pro- 
duction will also drop. On the contrary there appears a tendency for an 
acceleration in milk production under the conditions that may be anticipated 
in the postwar period. 

Other data confirming this latter observation are shown. As stated, in 
years of agricultural prosperity relative interest in the dairy enterprise 
tends to subside. Conversely, in depression years relative interest in dairy- 
ing increases. 

A curve is presented to show the annual gross farm income in the United 
States from 1910 to 1943, the average being $10,850,247,000. A companion 
curve is also carried to show the per cent of the gross farm income that was 
due to the sale or home use of dairy products. On the average 16.1 per cent 
of the gross has been due to these dairy products. During ‘World War I 
gross farm income rose to 157 per cent of the average, but dairy products 
contributed only about 12 per cent of the gross. In the two years following 
that war gross farm income dropped from 157 per cent of the average down 
to 92 per cent. In the same period there was a rise from 12 per cent np to 
16.8 per cent in the portion of the gross that was due to dairy products. 

The depression year of 1932 marks the low point in gross farm income. 
It was only 55 per cent of the average. In that year, the per cent of the 
gross that was due to dairy products rose to 22.4, the highest percentage in 
history. 

There is full recognition of the fact that no one can predict with cer- 
tainty the conditions that will confront the dairy industry in the postwar 
period. However, I venture my interpretation of the data as follows and I 
perceive if these predictions materialize the resulting condition will bring 
more serious problems than the dairy industry has ever before encountered. 

1. The general price level as well as dairy prices will decline. 

2. Even with such declines it should not be surmised that milk production 
in this country will subside. 
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3. Oil tlie contrary, as all farm enterprises become less reiniinerative, 
there will be relatively more interest in the dairy enterprise to utilize most 
effectively the farm-grown feeds and the abundant farm labor likely to be 
available. 

4. With this continued liberal milk production in the face of likely cur- 
tailed consumer purchases, profit margins 'will be reduced and in many 
cases will disappear. 

5. One solution to the likely jiroblems lies in the dairy producer’s ability 
to breed, feed and manage his dairy herd with a degree of efficiency not 
heretofore achieved generally. 

6. Another opportunity to help solve the problems lies in sincere appre- 
ciation by producers and processors of the necessity of choicest quality in 
dairy products. This and the consequent elimination of inferior products 
from consumer channels are indispensable if the industry is to survive the 
impact of the postwar period. 

7. No group of persons involved in the dairy industry will face more 
strenuous demands for service nor be able to render greater immediate ser- 
vice than the extension workers — those identified with colleges, the breed 
fiieldmen, plant fieldmen and all who are devoted to dairy educational 'work. 

D. Postwar Demand for U. S. Livestock Abroad. 0. E. Keed, Chiefs 
Bureau of Dairy Industry, Agricultural Be search Administration, 
U.8.DA., Washington, D. C. 

It is difficult to make a reliable appraisal of the postwar demand for 
purebred livestock in Europe and South America : first, because the postwar 
agricultural and economic conditions cannot be determined at this time, and 
secondly, because we have very little information about the present status 
of the livestock situation abroad, particularly in those countries that have 
been overrun by the enemy. 

We do know, however, that livestock numbers have been reduced sub- 
stantially in northwestern Europe, where normally there is heavy depen- 
dence on imported feed grains and oil cakes. Inability to import these feeds 
means that the greatest reductions have occurred in hog and poultry num- 
bers. Sheep numbers by contrast have been well maintained. 

Piecing together all available information, it appears that for the Euro- 
pean continent as a whole the decline as of 1943 was about 10 to 15 per cent 
belo'w 1939 in the ease of cattle, and approximately 30 to 35 per cent in the 
ease of hogs. Sheep numbers may even have increased. 

As a result of these developments, the productive capacity of the Euro- 
pean livestock industry" has been accordingly reduced. Total meat produc- 
tion is estimated at about 70 per cent of prewar production; eggs at about 
60 per cent ; whole milk for fresh consumption at about two-thir'ds of pre- 
war j cheese at about two-thirds ; and butter at approximately 80 per cent. 
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The knowledge that European countries have suffered considerable losses 
in livestock numbers naturally has created interest among livestock men and 
others in the United States. Consequently, there has been much discussion 
about the role this country may expect to play in restocking and developing 
the livestock industries in Europe. Many statements have been made ex- 
pressing an optimistic view o£ the possible demand for our livestock. In 
my opinion, such statements have been based on wishful thinking rather than 
on a practicable consideration of the probabilities. 

In any event, I doubt that there will be any great demand on United 
States farmers and livestock breeders in the near future. Even if hosilities 
should cease in Europe in 1944, it would be a year or more before the govern- 
ments of the depleted countries could make arrangements to import any con- 
siderable number of livestock. 

Also, there seems to be a widespread notion among some of our breeders 
of registered dairy cattle that such stock, will be in great demand when 
rehabilitation programs are under way. In talking to many of the rep- 
resentatives of the occupied countries who have expressed an interest - in 
obtaining dairy cattle when the proper time comes, I find that they are inter- 
ested primarily in obtaining cows for utility purposes and they are not inter- 
ested in registered breeding stock, except possibly a few outstanding proved 
sires. It is well to remember in this connection that most of the European 
countries that plan to import breeding stock will want the breeds they are 
now using. This is true of all kinds of livestock and consequently not many 
countries would be interested in the breeds we have to offer. 

Apparently the first thing that will be given consideration by those in 
charge of rehabilitating the war-damaged countries will be the problem of 
obtaining food supplies for the starving populations as quickly as possible 
and in the most feasible manner. 

No doubt the demand for food in all war-damaged countries will empha- 
size the need for livestock products, particularly dairy products. Conse- 
quentU, emphasis will be placed upon the rebuilding of the livestock indus- 
tries in these countries as soon as practicable. However, I do not believe 
there "will be any sudden demand for large numbers of breeding stock from 
this country. Most of those with whom I have discussed the probable situa- 
tion seem to agree that the rehabilitation of herd and flocks in the European 
countries after the war will be primarily a matter of encouraging the natural 
increase in numbers as soon as feed is made available, and that relief by 
livestock shipments from overseas will probably not be in great volume. 

In regard to Latin America, the possible demand for our purebred dairy 
cattle is more favorable. But even this market would not call for a large 
number of breeding animals, at least not for some time. Demand for breed- 
ing stock of the dairy breeds is increasing in Latin American countries, 



THIRTY-NINTH ANNUAL MEETING 


599 


particularly in tlie tropical counti'ies and in those on the Pacific side of South 
America. This demand probably will contimie after the war as long as tlie 
purchasing power of those countries remains relatively good. But cattle 
buyers who come to us from these countries will need advice and lielp, so 
that they can obtain the right kind of cattle for their conditions at a reason- 
able price. Such assistance will be an important factor in developing this 
foreign market. 

Ill many areas of Latin America, particularly in the tropical lowlands, 
our dairy breeds have not proved entirely satisfactory. In most instances 
the imported animals have had to face such obstacles as heavy infestation 
with cattle tick and other parasites, less satisfactory feeding and maiiageiiieiit 
than that to -wiiich they had been accustomed, as well as high enviroiimeiitai 
temperatures. Frequently, such conditions have been responsible for fail- 
ures that w^ere wrongly attributed to a breed inability to withstand tropical 
conditions. 

More research work will be needed to determine the effect of continued 
high temperature on the productive and reproductive performance of im- 
proved breeds of dairy cattle. The dairyman in these countries needs help 
in the way of education and research to enable him to create a better feeding 
and management environment in which to maintain the cattle he imports 
or the descendants of such cattle. This really ought to precede the impor- 
tation of large numbers of cattle. In other words, it will first be necessary 
to assist dairymen in informing themselves as to latest and most modern 
methods of taking care of good cattle. The possibility of developing a suit- 
able tropical dairy type by grading up the native stock with our purebred, 
breeds should not be overlooked. 

Education and research organizations and associations, such as the 
American Dairy Science Association, could do much to foster education and 
research in the dairy field in Latin America. ‘Within the last two years the 
Bureau of Dairy Industry, in cooperation with the Department’s Office of 
Foreign Agricultural Relations, has sent three men to a number of South 
and Central American countries to survey dairy conditions. Dr. Hodgson, 
who will discuss the dairy industries in Latin American countries on this 
program, w-as accompanied on one trip by Dr. Hunziker and on the second 
trip by your own president, Dr. Dahlberg. 

These surveys have made us aware of the rapidly developing interest in 
dairying in Latin America, and also of the fact that there is a potential 
market for U. S. dairy equipment and supplies of all kinds, including some 
dairy breeding stock. Before this market will materialize, however, more 
attention will have to he given to educational and research programs in those 
countries in order to help the farmers and livestock men there acquaint 
themselves with modern ideas and practices relating to the dairy industry. 
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F, Nutrition Education as a Safeguard Against Postwar Surpluses* E. 
M. Harmon. Director of Public Belations^ National Dairy Cotmcil^ 
Chicago^ III. 

Aside from production sliifts there are two factors which may make for 
dairy surpluses in the postwar period. The first of these is changing food 
habits on the part of eoiisiimers. The second is the return to our markets 
of products now going to foreign nations for lend-lease and other purposes. 

In connection with the first, it is certain that food habits are changing. 
In an extensive survey by the New York Times recently, 75.8 per cent indi- 
cated changes in food habits due to rationing. Of these, 55.2 per cent 
indicated that those changes were substantial. 

When asked w’hat the changes were, 84.8 per cent said that the most im- 
portant change was a shift to oleomargarine. This far exceeded any other 
food change. 

The effect of this change in food habits may be gained from the realiza- 
tion that there are now only about 12 pounds of butter available per person 
per year. This compares with the about 17 pounds in the prewar period. 
That 5-pound drop represents considerably over 600 million pounds of but- 
ter which in terms of milk equivalent means more than 12 billion pounds of 
milk or more than 10 per cent of the nation’s milk supply. 

Nor is this the only food habit change that may plague the dairy industry 
when supplies are normal. Cheese consumption is cut from about 6^ pounds 
in the prewar period to an estimated 4.2 pounds available for 1944. Cured 
Cheddar cheese is almost unknown, and if this condition prevails long enough 
the appetite for that type of cheese may be largely lost. Candy manufac- 
turers are finding substitutes for dairy products. Bakers who were fast 
learning the value of milk solids have been forced to abandon them. 

This is not the first experience of this kind that the dairy industry has 
encountered. The fat shortages in the first World War led to a reduction 
in per capita butter consumption from 18 pounds per year to 14 pounds per 
year. Five years were required to get back the normal butter consumption, 
and that was not nearly as drastic a shift in food habits as is the present one. 

Nor is the dairy industry alone in this type of experience. Meat ration- 
ing in the form of meatless days in the last World War caused changes in 
food habits that have plagued the meat industry ever since. Wheatless days 
caused a permanent shift in food habits. According to the Bureau of Agri- 
cultural Economics we consume 18 per cent less wheat per capita than at 
the beginning of the first World War. The coffee industry, so far, has found 
itself unable to restore the consumption of the prerationing period. These 
observations lead to the question of : What shadows do the present changes 
in food habits cast upon the dairy horizons of tomorrow! 

As an answer, some wishful thinking in the dairy industry forecasted 
vastly expanded European ma,|:kets for many years to come. No one can 
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presume to have a positive answer on that point. Even could we know Just 
what the dairy herd of Europe is today, the route or routes the invasion 
takes, the time required and the intensity of the fighting* will all have a great 
bearing on what that herd is when the war ends. 

The limited information available seems to indicate to date that the dairy 
herd of Europe is fairly well intact. Dr. Karl Brandt, head of the Research 
Foundation of Leland Stanford Universitj^ estimates the cow population is 
on the increase in many sections of Europe. Dr. Brandt estimates that while 
hog and poultry population have been severely cut, the productive dairy 
herd of Europe is probably not nearly as drastically reduced as supposed by 
man}' . Due to his close eoiineetions with agricultural economists in the con- 
tinent of Europe and particularly in Sweden and Switzerland, Dr. Brandt 
is credited with being one of the best-informed men on European agriculture 
today. 

The explanation is that Europeans have killed the grain-consuming 
animals. Since cows are not necessarily competitors with humans for grains 
but can be maintained on a subsistence ration of roughages they have been 
spared till the last. If these observations are correct, then it seems likely 
that Europe will come back to normal dairy production with reasonable 
rapidity once trade relations are open and their normal supply of 100 mil- 
lion tons of grain a year becomes available. Such would speed the day 
wRen the dairy industry of America must look to the home market as prac- 
tically the sole outlet for its products. 

Coming to the consumer, to whom w^e must look as the ultimate buyer 
for all of our dairy food products, even the most casual observer will note a 
receptive mind for nutrition information. Numerous factors have contrib- 
uted to this situation — military draftee rejections, nutrition education in 
factories and war plants to overcome fatigue periods, accidents and absen- 
teeism and the national nutrition program which is patterned largely upon 
the one which the dairy industry founded in 1918. 

‘Erery branch of the food industry is aw’are of this situation. Smart 
merchandisers know’ that food habits are changing and all are busy tiwing to 
either profit by those changes or to avoid any long time losses from them. 

In this connection the educational and professional groups are con- 
fronted with difficult problems. Teachers have children in their school 
rooms from homes wliere both parents are working and where there is less 
chance to protect the child nutritional habits than before. In factories 
and war plants individual nutrition specialists are charged with the respon- 
sibility of building and guiding nutritional habits which will make for maxi- 
mum efficiency of w^orkers. Doctors, dentists, dietitians, home economists, 
nurses and public health officials are confronted with the same problems. 

Ail appreciate the merits of the slogan: ‘‘Make friends before joii need 
them.^’ These groups, charged with the responsibility of the education 
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ind liealtli of tlie nation, need friends and need assistance, and iiiindreds 
>f tlionsaiids of tlieni are finding at least some of that help in Dairy Council 
naterials and the aid of the nutrition specialists of the Dairy Council units. 
1 survey among 2600 teachers recently publicized in ‘^'Printer’s Ink^^ em- 
Aasizes this point. Among this group 93.5 per cent wanted other teaching 
naterials in addition to textbooks. Only half of them, however, found other 
mch materials suitable. Such comments as ''Too much sales promotion”; 
^Not geared to existing school programs”; ‘‘Not technically correct”; “Too 
iiueh use of trade names” were prevalent. All of this points very definitely 
lo two conclusions. First, practically all teaeliei'S want additional teaching 
[lelps, but, for the most part, industry has not been smart enough to provide 
them with the type of helps they need. 

On the question of the type of subjects w'here they especially needed 
assistance, 76 1 per cent of them asked for food and nutrition material. This 
was far ahead of any other classification. 

The National Dairy Council program is geared into just this kind of an 
outline. A committee of nationally known educators meets at least four 
times a year with the nutrition group of the National Dairy Council and a 
committee of local unit directors to advise with them as to just the type of 
educational materials most acceptable to schools and professional groups. 
This Advisory Committee includes an outstanding leader in the primary 
education field, another in the intermediate, and a third in the adult educa- 
tion field. 

The same story will be told differently and with a different type of mate- 
rial for people of different age and education levels. For example, the story 
of calcium in milk would be told quite differently to the youngster in the 
primary grades than to the one in the intermediate grades and certainly 
far differently than to the dentist. This results in a course of study wdiicli 
lasts throughout the school period and on into the adult and professional 
groups. In this respect the dairy industry educational program is unique. 
Furthermore, all such materials are pre-tested under actual conditions. 

The prestige of the Dairy Council has been gained due to the compre- 
hensive yet unbiased nature of the nutrition education program of the dairy 
industry. As such it has become effective with nearly every educational, 
professional, civic, consumer and governmental group in any way interested 
in public health and welfare. 

There are plenty of evidences of the value of nutrition education work 
throughout the nation. The recent New York Times survey mentioned 
earlier in this paper indicated that next to rationing, nutrition education 
is of the greatest importance in determining food habits. When we turn to 
the national picture the fighters’ ration today indicates definitely that there 
have been some drastic changes in thinking during the past 25 years. In the 
first World War, 11 ounces of milk’ a day were required to make all of the 
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dairy products included in tlie garrison ration. In this World War 37 
ounces of iiiilh per day are required to make the dairy products in the garri- 
son ration of one soldier. 

Coining out to the local areas we find an even more impressive picture. 
In 1941 the Bureau of Agricultural Economies reported that 4 per cent more 
milk was sold in cities and villages than in 1940. A survey made by the Na- 
tional Dairy Council and including areas containing about 68 per cent of the 
entire population of the United States in cities of over 100,000 showed 6.2 
per cent increase in cities having Dairy Council programs and a 1.5 per 
cent increase where there was no Dairy Council. 

Ill the following year, 1942, compared with 1941 the Bureau of Agricul- 
tural Economics indicated an increase of 8 per cent in the amount of milk 
sold in cities and villages. Using the same procedure it was found that sales 
increased 10.9 per cent in cities maintaining active Dairy Coniieil units and 
only 5.3 per cent in those not so doing. With the inauguration of the EDO 
orders sales restrictions were imposed in different areas during the latter 
part of 1943 so that this trend was somewhat checked. 

This constant trend offers convincing proof of the importance of nutri- 
tion education work in the postwar plans of the dairy industry. Such a pro- 
gram, of course, should be backed up by additional research on the nutri- 
tional values of dairy products in experiment stations and laboratories. It 
will gain materially from the added impetus from advertising and point of 
sale efforts by the American Dairy Association as well as brand promotion 
by commercial organizations within the industry. 

Steady, consistent, long-time gains and permanent stability of demand 
requires as a fundamental support a sound, comprehensive nutrition educa- 
tion which reaches the home from every angle — ^the teacher, the school, the 
dentist, the doctor, the public health official, the civic clubs and the women 
organizations. Such a program should not be thought of as a cure-all, but 
it is a potential factor toward the relief of the surplus problems of the post- 
war era. 

G. Postwar Problems in Country Collection and City Delivery of MUk, 
Leland Spencer, Cornell University^ likaca^ A. F. 

The collection of milk from the farms and the delivery of milk to con- 
sumers in the city are at opposite ends of the chain of marketing operations. 
However, they have one thing in common. The main essential for low unit 
costs in each of these operations is large loads. 

Country kauling. The average cost of hauling milk from the farms to 
dairy plants in New York State is about 16 cents per hundredweight, or 
1/3 cent a quart. Most of the hauling now is done by commercial haulers. 
Only about one-fifth of the dairymen in New York State still haul their own 
milk to market. 
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Unit costs go up rapidly udieu loads fall below a reasonable level Avliieli 
depends upon the liaiiliiig* distance and the size of truck being used. Haul- 
ing distances bave increased due to tlie consolidation of country plants. On 
the other hand, larger loads are being hauled on the truck routes because 
fewer dairymen are attempting to haul their own milk. Consequently the 
rates charged for hauling held about steady until the last two or three years, 
during which time there has been an advance of 10 to 15 per cent. 

Further economies in country milk hauling are to be sought mainly by 
reducing the number of haulers. The most piucticable way of doing this 
appears to be through supervision of hauling arrangements by the pro- 
ducers’ associations or the plants that receive the milk. Some cooperatives 
have been quite successful in obtaining rate reductions by contracting witli 
the haulers, assuring them of good-sized loads and protecting them from the 
demands of individual producers for special service. This type of super- 
vision is much to be preferred to the regulation of services and rates by 
public service commissions. It is practically impossible for public regula- 
tory agencies to make proper allowances for the many local differences that 
have a bearing on milk hauling services and rates. 

City delivery. The cost of delivering milk from the processing plant to 
the doorstep varies from about 4 cents to 7 cents a quart. The cost is higher 
in large cities than in smaller places and also tends to be higher in the North 
than in the South. 

The principal element in the cost of milk delivery is the compensation 
of labor. Weekly earnings of driver-salesmen have gone up sharply in 
recent years. In New York City the average weekly earnings were nearly 
three times as much in 1943 as in the years immediately x^receding World 
War I. Meanwhile the work wuek has been reduced from 7 days to 6, vaca- 
tions with pay have been granted, and social security privileges have been 
provided. 

Similar gains in the earnings of other groups of workers have been offset 
by increased output i^er man, but this was not true in milk delivery prior to 
the advent of every-other-day service. In fact, for many years prior to 
1942, there was a gradual decline in the size of loads carried on retail milk 
routes in the large cities, such as New York and Chicago. The change from 
daily delivery to every-other-day seiwice, which was made in 1942 and 1943, 
is by far the most important step ever taken to increase the size of loads and 
reduce the unit costs of retail milk delivery. Except in those markets where 
the earnings of driver-salesmen consist largely of commissions, the saving of 
manpower, together wdth the saving in truck expense, through every-other- 
day delivery has been sufficient to offset wartime increases in other costs. 
In some markets the distributors’ spread has been reduced, while the drivers 
are earning more with fewer hours of w^ork. 

The most important question facing the fluid milk industry today is 
^^How' can the gains in efficiency of delivery through every-other-day service 
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be retained after the war?’^ Presumably the federal regulations under 
which every-other-day delivery was initiated and maintained during the war 
will not be continued in peacetime. "When these regulations are discon- 
tinued, it is very probable that one or more distributors in practically every 
market will again offer daily service as a means of attracting additional 
customers. In order to cope with this type of competition, distributors who 
wish to maintain the E.O.D. system must offer suitable price concessions for 
the more limited service, even though temporary losses may result. 

In the markets where the driver-salesmen are strongly unionised, much 
will depend upon the attitude of the union leaders. It seems clear that con- 
tinuance of every-other-day delivery will be to the drivers’ advantage. 
Daily service might seem to call for the employment of more drivers. How- 
ever, if the E.O.D. system were abandoned, it would be impossible to main- 
tain the present level of weekly earnings without a sharp increase in costs. 
The effect of this would be to accelerate the shift from retail delivery to 
store distribution, and fxwi fluid milk to canned milk and dried milk, 
thereby causing a permanent reduction in the number of drivers employed. 

In those states where milk control agencies have the authority to fix 
retail prices, lower minimum prices should be allowed where deliveries are 
made on alternate days. 

in, DEHYDRATED MILK AND MILK PRODUCTS 

A. Present Developments of the Dried Milk and Milk Products Indus- 
tries in the U. S. A. P. H. Tracy, Department of Dairy Mus- 
landry, University of Illinois^ TJrhanay III. 

The urgent need for dried food products for use by our Army and Navy 
and for shipment abroad has greatly stimulated our interests in the perfec- 
tion of methods of manufacturing and packaging dried milk and related 
products. The production of nonfat dry milk solids has increased from 
16,463,000 pounds in 1916 to 449,291,000 pounds in 1938. The demand for 
this product for use in the food industries will likely increase in the postwar 
period. 

The future of dried butterfat in this country is uncertain. There is some 
question as to whether or not producers here will be able to compete with 
those of New Zealand and Australia in a postwar period devoid of trade 
barriers. 

Much remains to be learned about the proper method to manufacture 
powdered ice cream mix but the indications are that the product will be one 
of considerable importance in the postwar period. 

The production of malted milk has remained practically unchanged dur- 
ing the past 25 years. The consumption of this product increases in years 
of prosperity and decreases when business conditions are unfavorable. 
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Tlie iiiamifaetiire of dried wliey has nearly trebled in the last five years. 
The less whey placed in the sewer or used for stock food and the higher the 
proportions used for human food or medicinal purposes, the more economical 
will eheese-makiiig operations become. 

The merits of dried buttermilk as a food for poultry and hogs has been 
recognized for some time. Sweet cream buttermilk has been found satis- 
factory for human food. From the standpoint of efficient utilization of milk 
solids, the establishment of wdiole milk creameries of such size that they can 
profitably manufacture dried defatted milk or sw^eet cream buttermilk seems 
a logical procedure. 

The estimated production of pow^dered whole milk for 1943 was 124,300,- 
000 pounds or nearly 60 times that of 1916 and over 4 times the production 
of 1940. A problem for research workers is to perfect methods of manu- 
facture and distribution that will result in a powdered whole milk, and 
possibly a powdered cream, that will have good keeping quality, that can be 
easily reconstituted, that will have a normal taste and feel in the mouth, 
that will have a normal appearance in the glass, and that can be sold at a 
price that will he attractive to the consumer. 

The future of the dried milk industry will depend largely upon research. 
Both industrial and institutional research wall be necessary to learn what 
should be known about the proper methods of manufacture, possible new 
uses of the dried milk and milk products, and a more complete knowledge 
of the nutritional properties of these products. 

B. Revision of Specification on Milk Powders. Lt. Robert Remaley, 
Subsistence Research and Development Laboratory, U. 8. Army 
Quartermaster Corps. 

During the past sixty days, the Quartermaster Corps has published a 
new specification for dry whole milk and nonfat dry milk solids — ^No. 166A, 
dated 8 April. This specification supersedes all other specifications insofar 
as Army purchases are concerned. 

Because of the more rigid storage requirements of the Army and because 
of the expansion of production of milk powders, the new specification con- 
trols more closely the four factors which appear to be of the greatest im- 
portance in the production of a palatable milk powder; namely, moisture, 
iron and copper contamination, raw milk supply and the oxygen content of 
the gases surrounding the packaged product. 

Controlled laboratory studies as well as milk powders returned from the 
field have indicated that when the requirements of the new specification have 
been complied with, that whole milk powder will remain palatable for as long 
as 18 months even under adverse conditions of storage. Laboratory experi- 
ments have also indicated that as the temperature of storage increases the 
necessity for proper control of the four factors mentioned increases. 
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Variances in result of testing laboratories on identical samples are be- 
yond the normally expected experimental error. Increased numbers of 
samples and inexperience of the analyst probably account for some of this 
variation. As a result, two programs are being initiated by the Quarter- 
master Corps Subsistence Research and Development Laboratory. One pro- 
gram, under the supervision of the American Dry Milk Institute, is an in- 
tensive study involving 576 determinations on identical samples in 8 labora- 
tories on fat, moisture, titratable acidity and bacterial count in order to 
establish experimental errors. The other program is more extensive and 
involves all analytical procedures, which are required by the new specifica- 
tion. Over twenty-five laboratories including Government, Army, Univer- 
sities and Industry are collaborating, 

C. Dehydrated Milk and Milk Products, Use o£ Antioxidants. S. T. 

Coulter, Dairy Division^ University of Minnesota, St, Paul, Minn, 

The prevention of tallowiness is a major factor in the storage of dry 
whole milk and other high fat dehydrated milk products. Although not 
today added commercially to dry milk, antioxidants are used in some fatty 
foods. 

The following statements with respect to the effectiveness of various anti- 
oxidants in dry whole milk are based primarily on published experimental 
work. (1) Oat flour added in amounts equivalent to about 2 per cent of 
the weight of the milk solids delays the onset of tallowiness. (2) Hydro- 
quinone in amounts equivalent to 0.01 per cent of the weight of the milk 
solids is definitely antioxy genic, but its use has been objected to by Pure 
Pood and Drug Officials. (3) Wheat germ oil concentrates added at the 
rate of 0.1 to 0.2 per cent of the weight of the fat is comparable in effective- 
ness to hydroquinone. The antioxygenic activity of wheat germ oil is 
enhanced by the addition of citric acid. (4) Ascorbic acid at the rate of 
about 0.1 per cent of the weight of the milk solids retards oxidation. This is 
doubtless an example of the synergism that has been shown to exist between 
the toeopherols and many acids. (5) Gum guaiac and nordihydroguaiaretic 
acid are effective antioxidants but may cause the development of a fruity 
flavor. (6) Other substances have been shown to have some antioxygenic 
effect in dry whole milk. Much experimental work on antioxidants is now 
in progress. More effective antioxidants may be found. 

Milk itself contains appreciable quantities of natural antioxidants, 
notably toeopherols and ascorbic acid. Reducing substances which are defi- 
nitely antioxygenic may be produced in milk by heat treatment. The pres- 
ervation of the natural antioxidants together with the use of processing 
treatments to secure the optimum antioxygenic effect should be the first 
recourse of the industry. 
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D, Army Packaging and Packing of Dried Milk Products. Major James 

d^A. Clark, Suhsistence Besearch and Development Laboratory^ 

TJ. S. Army Quartermaster Corps, 

Present Army requirements for dried milk products are discussed, in- 
cluding skim-milk powder, whole-milk powder, ice cream powder, and de- 
hydrated cheese, together with a presentation of Army requirements for 
labeling, packing, and marking of shipping eases. The reasons for the vari- 
ous requirements are briefly reviewed with comments on the possibility of 
improving the keeping quality of whole dried milk which is, for many rea- 
sons, a product of more than usual importance. 

E. The Future of the Dehydrated Milk and Milk Products Industry. J, 

T. "Walsh, American Dry Milk Institute , Chicago, III. 

"War conditions have placed a sudden emphasis on the importance, adapt- 
ability, and nutritional value of foods — especially non-fat dry milk solids, 
dry whole milk, dry ice cream mix — ^for use by the Armed Forces and by 
Lend-Lease. 

The dry milk industry, while yet a young, robust, and growing industry, 
has been established on a sound basis for approximately the past 20 years. 
It cannot be regarded as only a ‘‘war baby,^’ which, of course, cannot be 
said of many types of dehydrated food products. The dry milk producers 
have invested much money in research development, and market expansion 
for their product. Their foresight and the soundness of their program, both 
in the past and at present, is readily reflected in Government set-aside re- 
quirements for Armed Forces and Allied uses. The industry has gained 
consumer acceptance of its i)roducts, all of relatively high nutritional value. 

In the postwar period particular emphasis unquestionably will be placed 
upon “high quality.’’ Dry milks are products whose quality is directly 
influenced by the quality of the raw material (fluid milk) used in manufac- 
ture. Not only will quality be a consideration, but indeed “uniform” qual- 
ity ■will be equally as important. 

The development of uses and the production of non-fat dry milk solids, 
dry whole milk, dry buttermilk, dry whey, and other dry milk products are 
to be regarded in the light of domestic markets as well as possible foreign 
markets. 

Convenience of usage by the consumer can affect market development for 
dry milk products. This constitutes a real problem for the dry milk pro- 
ducers because of the physical characteristics of these products. (Most of 
them are very hygroscopic and are subject to rapid flavor and odor deteri- 
oration when improperly packaged.) 

It is possible that all of the splendid work accomplished by the industry 
to date will continue to develoj) in a manifold manner in the future, depend- 
ing upon how wisely the industry plans its research, quality development, 
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application and market development, now and in tke years immediately pre- 
ceding the coiieliision of the war ; recovery from war requirements. 

rV. MASTITIS 

A. Mastitis; From the Dairyman’s Viewpoint. T. S. Sutton, The Ohio 

State University and The Ohio Agr. Expt. Sta. 

During the past several years significant contributions to the treatment 
of this serious disease by the use of chemotherapeutic agents have been made. 
Ill certain instances the reports of these researches may have given rise to 
unwarranted hope and a false sense of security on the part of the practical 
dairyman because the first responsibility in the control of this disease still 
rests with the man with the cows and will probably continue to do so for a 
long time in the future. Contributions from the field of Veterinary Medi- 
cine have been of significant help j yet without a thorough understanding of 
the disease and the exercise of careful sanitary procedures and sound man- 
agement practices on the part of the dairyman himself, there is little hope 
of ever bringing the disease under control. 

In order that the dairy farmer be enabled to control mastitis in his herd, 
an educational program based on the following fundamentals should be 
carefully planned and carried to him ; 

1. An understanding of the internal structure and physiology of the 
mammary gland. The purpose of this is to make obvious the difficulties 
encountered in getting rid of the disease once it has gained a foothold. 

2. The cause of the disease and the ways in which the infection is usually 
spread. 

3. The predisposing causes which may lower the resistance of the gland 
to infection. 

4. The effects of the disease on the gland and the milk secreted and prac- 
tical methods of detecting the disease. 

5. The effects of the disease on the production of milk and on the quality 
of dairy products. 

6. Sound dairy management and milking practices to control the severity 
of the disease and the spread of the infection. 

The dairyman with a practical working knowledge of these subjects can 
best utilize the services of the veterinarian in the treatment of the disease. 

B. Modern Methods of Treating Mastitis. C. S. Bryan, Michigan State 

College^ East Lansing, Mich. 

The proper diagnosis must be made to successfully utilize the udder in- 
fusion treatments in a program for the control of mastitis. One of the bac- 
teriological tests must be used to determine whether infection is present or 
absent, and a careful phj^sical examination of the udder must be made to 
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determine the condition of the ndder tissue. Evidence, at hand, indicates 
that udder infusions are of no value in non-infections mastitis and in eases 
of infections mastitis with inax’ked areas of fibrosis. The proper diagnosis 
and treatment must be supported by an adequate sanitary program to insure 
successful control of bovine mastitis. 

LATIN AMERICAN DAIRYING 

A. Dairy Farming in Tropical America. E. E. Hodgson, Bureau of Dairy 
Industry, Agricultural Besearcli Administration, U. S. D. A., Wash- 
ington, D, C. 

Studies of the dairy industries of El Salvador, Honduras, Nicaragua, 
Costa Rica, Panama, Colombia, and Venezuela were made by the IT. S. De- 
partment of Agriculture at the request of the Coordinator of Inter- American 
Affairs. These countries are in the tropical zone but the climatic tempera- 
ture varies with the altitude. Farming is pursued in all altitudes up to 
about 12,000 feet. Altitudes of 4,000 feet or above appear most favorable 
for dairying. 

Panning is the principal occupation; the major crops being coffee and 
bananas for export, and corn, rice, sugar cane, and beans for local consump- 
tion. The production of food crops is limited because of lack of the most 
modern cultural methods, infertile, depleted soil, and small acreages under 
cultivation. Foodstuffs must be imported in many areas. 

Cattle raising is an important agricultural pursuit. The cattle popula- 
tion in the 7 countries is about 15 million, or 65 head per 100 people. Most 
of the cattle are Criollos, descendants of the Spanish cattle introduced by 
the colonists. They are about the size of the Jersey or Guernsey and vary 
in color from light yellow to red. They are multiple-purpose animals, raised 
for milk, beef, and draft. The average milk production is low and tlie lacta- 
tion period short. Local production permits a per capita consumption of 
milk in all forms equivalent to about 1/3 pound daily. 

Improvement in the quality of the native cattle has been attempted by 
cx'ossing and grading with imported Brahman cattle as well as with imported 
purebred dairy breeds. The Brahman has increased size and improved resis- 
tance to tropical conditions but has not materially increased milk prodiie- 
tion. The purebred dairy breeds have met with varying success. In the 
hot lowlands under feeding and care not best suited to their needs they have 
not done well. This failure probably can be attributed more to management 
factors rather than to their inability to adapt themselves, although they ap- 
parently do lack heat tolerance compared to the Criollo or Brahman cattle. 
In the highlands the purebred dairy breeds do well under proper feeding 
and management, and grading up the native stock with them offers the best 
method for rapid improvement. In the hot lowlands improved strains of 
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resistant Criollos may be the best type, since they probably would produce 
as much milk as the environmental conditions on the average farm would 
permit any breed to produce. Dairying should be concentrated in the high- 
lands. 

Cattle improvement would be expedited by fencing the pastures and con- 
fining the bulls so that breeding could be controlled. More care is needed 
ill selecting breeding animals. Farmers ought to keep breeding and pro- 
. duction records and use them in selecting breeding stock. Dairy-herd-im- 
proveinent programs need to be established by the national departments of 
agriculture to assist farmers in developing higher producing herds. 

Feeding and management conditions on farms must be improved if high 
yielding cows are to produce efficiently. Cows are maintained on pasture 
all year ; but in the numerous areas where extended dry seasons occur, pas- 
tures dry up and because of deficient feed supply the cows lose weight, fall 
olf in production, and go dry. Lowland pasture grasses are of the coarse 
bunch type while in the highlands the fine-leafed grasses predominate. Pro- 
gressive faimiers supplement pasture with soiling crops such as corn, sor- 
ghum, or banana stalks. Silage is becoming more popular and offers the 
best way of improving the year-round feed supply. Hay is practically un- 
known but could be used extensively. The feeding of concentrates is lim- 
ited largely to market-milk areas. Corn, sorghum, rice bran and hulls, 
coconut meal, cottonseed meal, and sesame meal are the most popular con- 
centrates. 

Knowledge of the feeding value of local feeds and existing nutritional 
deficiencies is limited. Calcium, phosphorus, and iodine deficiencies are sus- 
pected in some areas. Vitamin A may be lacking during extended dry 
periods when pasture is not supplemented with green feed or silage. 

Primitive methods of raising calves result in slow growth, late maturity, 
unthriftiness, and high mortality. Calves should be weaned soon after 
birth, confined to pens and raised on an adequate ration rather than allowed 
to xmn with the cow and nurse at will or allowed to suck as a part of the 
milking process. 

Parasites, particularly the cattle tick, and numerous diseases are preva- 
lent and account for high mortality. Disease control measures are lacking 
on most farms and the veterinary service is limited or non-existent. 

The governments are giving encouragement to dairy development by es- 
tablishing schools and experiment stations. The U. S. Department of Agri- 
culture is cooperating in this development in some countries by lending lead- 
ership and scientists for experiment stations. The Inter- American Institute 
of Agricultural Sciences, a research and educational institution, is being 
developed under the auspices of the Pan-American Union. This institution, 
located in Costa Rica is designed to train students and to conduct research 
ill all phases of the agriculture of the Americas. At present it is supported 
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by the U. S. Government tliroiigh a grant of funds from tlae Coordinator of 
Inter- American Affairs to tlie Pan-American Union, but support in tlie near 
futare will come from the several American Bepublies that desire to par- 
tieipate financially in this important work. These various educational and 
experimental organizations will do much to improve agriculture and cattle 
farming in the areas which they serve. There is need also for further devel- 
opment in agricultural and livestock extension work. 

B. Central American History, People and Industry. A. 0 . Dahlberg, 

Cornell University, Ithaca, N. Y. 

All understanding of Central America must be based upon a knowledge 
of its early history, people and industry. The Indians who inhabited tlie 
country when discovered and conquered by Europeans were advanced in 
the civilization of that time. The Spaniards lead in the conquest and are 
today the leading European race. They tended to rule and exploit rather 
than settle and develop. Today the Indian still predominates with a small 
percentage of Negro and European except in Costa Biea where Europeans 
constitute the bulk of the population. 

Judged by onr standards, ”wMeh is probably not fair but there is no other 
basis available to ns, these comitries are relatively poor and undeveloped. 
This is not entirely a problem of races and climate for there are regions 
populated by Europeans, and at higher elevations the climate is temperate. 
These countries are rather small in comparison with all northern neighbors. 
They need to develop transportation, especially roads and railroads, to avoid 
excessive isolation in many localities. They need development in many 
national projects such as public health, schools, agriculture, industry, etc. 
These things can be done only when sufficient funds can be raised by public 
taxation to permit the governments to be more active in promoting projects 
for the common good. The income of the average person needs to be in- 
ci eased to develop a more prosperous middle class. Some lioine industries 
together with agricultural advancements would materially assist along these 
linevS. Finally, siiclx developments would give a much greater px'oportion 
of the population from which leaders could he selected for election or 
appointment to the office required by their democratic forms of government. 

1 he United States can be of nincli assistance to these nations by f riendl}’’ 
cooperation over the years to enable Central America to develop itself to the 
fullest extent. Such a policy is mutually advantageous, 

C. The Dairy Products of Central America. A. C. Dahlberg, Cornell 

University, Ithaca, N. Y. 

Increased per capita consumption of milk and milk products would im- 
prove the nutrition of the people of Central America. The present milk 
supply available for all purposes varies from 0.2 to 0.7 pounds of milk per 
person per day. 
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Tlie three principal dairy products are milk, cheese and butter. Milk 
is boiled before use and is served chiefly as coffee with hot milk. There are 
a few <>'Ood milk-pasteurization plants. These plants might very advanta- 
geously make cheese, milk drinks, and ice cream mix. The sanitary quality 
of the milk is generally poor but there are notable exceptions. 

Fresh rennet-eurd, highly-salted cheese predominates with some cured 
soft Muenster type and a little cheddar cheese. The fresh curd cheese prob- 
ably has 5 per cent salt and is sometimes smoked. The milk is often par- 
tially skimmed. The cheese is nearly all made on farms. Cured cheese 
ought to be more generally manufactured to conserve milk solids from 
periods of surplus to the dry season. The people are fond of cheese. 

The butter is made on farms from raw cream churned about twice weekly. 
In the higher altitudes some good farm butter is made but in the tropical 
climate the butter is greasy and spoils quickly without refrigeration. In 
such areas the production of butterf at should be preferred to butter. 

Ice cream production is very restricted but is increasing. There are a 
few ice cream plants. There is one condensed milk plant. It is doubtful, 
however, that sufficient milk is available to warrant condensed and dry milk 
plants. 

There is every reason to encourage dairying in the higher altitudes where 
the excellent grass, good water and temperate climate favor the industry. 

D. Thomas Jefferson in Agriculture. 0. E. Reed, Chief of the Bureau of 
Dairy Industry, Agricultural Research Administration, TJ. S, De- 
partment of Agriculture. 

Last year marked the 200th anniversary of the birth of Thomas Jefferson, 
the third President of the United States, who was born in Albemarle County, 
Va., April 13, 1743. 

Early in 1943, Congress passed a resolution urging National recognition 
of the birth of this great American by recalling his many public services. 
Every school boy and girl knows that Thomas Jefferson wrote the Declara- 
tion of Independence. He also served as Governor of Virginia, U. S. Min- 
ister to Prance, Secretary of State, and President of the United States, 

Although his life was largely devoted to public service for the Nation he 
helped create, Jefferson considered himself a farmer. His letters and rec- 
ords indicate his keen interest in agriculture, and in experimental methods 
and inventions for its improvement. In the field of agriculture he was as 
inuch a leader as in the field of statesmanship. 

It is entirely fitting and natural, therefore, that this Association pay 
tribute to Thomas Jefferson, the farmer, the scientist, the extension leader. 

Jefferson regarded agriculture as a profession on a level with other pro- 
fessions. He considered agriculture a science and thought that professional 
scientific people were needed for its development. He felt that colleges 
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should make provision for training* and education in agriculture, the same 
as ill other professions. He also recognized the need for getting scientific 
agricultural knowledge to farm people. Thus he was among the first of our 
great leaders to think about the objectives for which our agricultural colleges 
and experiment stations were eventually founded. 

In Jefferson’s day, the one great industry of the State of Virginia was 
agriculture, but this was still of the plantation type, with landholdings in 
large acreages, and a one-crop system predominating. Tobacco and grains 
were grown for export, year after year, and eventually tended to deplete 
the land of its virgin fertility. As a result, the farms quickly became run- 
down and very much eroded. 

In his travels in Europe, as well as in the United States, Jefferson had 
an opportunity to see many different farming conditions and methods. He 
felt that pioneering methods in Virginia could be improved. His observa- 
tions and interest led him to make a test farm out of his mountain-top plan- 
tation at Monticello. He planted domestic and imported trees and seeds, 
and kept minute records to see whether foreign specimens could be adapted 
to the soil and climate of this country. 

He kept a farm book in which he recorded interesting obseiwations about 
farming, and soil fertility. For example, in his farm book he mentioned a 
suggestion by John Taylor, an eminent agriculturist of Caroline County, 
Va., about the use of cattle manure. The quotation from his farm book is 
as follows : 

^‘Mr. Taylor says he knows by accurate and constant experience that 40 
head of cattle folded of nights only, dung completely 20 yards square. Be- 
fore folding, the ground should be coultered and covered with straw, then 
folded one week and the straw and dung immediately turned in with the 
great plough.” 

Then Jefferson himself recorded an expeidment to be tried, comparing 
a mixture of cow manure and sheep manure applied by the ‘^folding” 
method, with a field where direct application of manure was made without 
^‘folding.” He also wrote that rotted manure should be applied in Decem- 
ber, January, or February at the rate of 25 loads per acre, and that it would 
be well worthwhile to confine and litter cattle in a yard through the summer 
— each head would then manure an acre a year. 

During Jefferson’s first long absence from Monticello in the public ser- 
vice (approximately from 1784 to 1794), his fields suffered from neglect 
under overseers’ management. When he returned in 1794 he worked out 
a system of crop rotation to restore fertility. He divided his farm into six 
fields to be put under this rotation : First year, wheat ,* second, corn, potatoes, 
and peas; third, rye or wheat; fourth and fifth, clover; sixth, folding and 
buckwheat dressing. 

He was also aware of soil erosion and had a suggestion for its control, as 
is indicated by the following letter he wrote in 1817 : 
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‘ ^ A method of ploughing over hill sides horizontally, introduced into the 
most hilly part of our country by Colo. T. M. Eanclolph, my son in law, may 
be worth mentioning to you. He has practiced it a dozen or 15 3 ^ears, and 
it^s, advantages were so immediately observed that it has already become 
Y 0 iy general, and has entirely changed and renovated the face of our 
country. Every rain, before that, while it gave a temporary refreshment, 
did permanent evil by carrying off our soil : and fields were no sooner cleared 
than wasted. At present we may say that we lose none of our soil, the rain 
not absorbed in the moment of it’s fall being retained in the hollows between 
the beds until it can be absorbed.” 

He was much interested in all kinds of crops, both garden and field, but 
particularly soil-improvement crops, such as clovers and other legumes. 
The latter he seemed to value more for their soil-improving properties than 
for feeding livestock. 

Most of Jefferson’s interest in livestock seems to have been centered in 
sheep and dogs. He had draft animals to be sure and some of these were 
oxen. He must have had milk cows to furnish milk, butter, and cheese for 
his many farm households, but we find nothing in his letters or reports to 
indicate what breed they may have been or how much milk they may have 
produced. 

His special interest in sheep is indicated in a letter to President Madison, 
who was also a sheep enthusiast. He suggested that they give all their full- 
blooded males to the different counties throughout the State, as fast as they 
could furnish them. He thought this would encourage the formation in 
each county of small societies to maintain and provide rules for the use of 
the rams. That would seem to indicate that Jefferson was thinking about 
something similar to our present-day breeding circuits. 

Jefferson’s interest in dairy matters is also apparent in his notes and 
letters. In his account of a journey from Paris to the southern parts of 
Prance and northern Italy in 1787, he devotes considerable space to his ob- 
servations on the making of butter and cheese. Years later in a letter to the 
editor of the American Farmer he recounted some of his observations on the 
making of Parmesan cheese at a dairy at Eozzano, which he says he ^‘at- 
tended from sun-rise to sun-set, made short notes on the spot of what was 
passing under my eye, and when I returned to my lodgings at Milan at 
night, I wrote them at full length.” 

There in the stables he “saw 85 cows, fed on hay and grass, not on grain.” 
He wrote that the milk was “scummed” and that butter was made from the 
cream, and cheese from the scummed milk. He recorded the day’s operation 
in great detail, even such details as the fact that a quarter of an ounce of 
saffron was used to give color to the cheese. 

When the cheese was made, the whey was put back in the kettle and the 
buttermilk was added also. From this they made a poor cheese for the 
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eoiintry people, and the whey from this was given to the hogs. Eight men, 
he said, suffice to keep the cows and do all the business of the daily. 

I mention this to show that Jeifersoii after all was quite interested in 
dairying and no doubt had home-made cheese and butter in his own larder 
throughout the 3 ^ear. 

But perhaps Jefferson’s most famous dairy experience was in connection 
with the mammoth cheese that was presented to hhn at the White House on 
New Year’s Day, 1802, by Elder John Leland of Massachusetts. 

Elder John Leland -was born and grew up in Massachusetts, but in 1778 
he moved to Orange County, Ya., not far distant from Jefferson’s home. A 
strong friendship was formed between the two men. After 14 .years in 
Virginia Leland returned to Massachusetts with his family and settled in 
an agricultural community near Cheshire. 

Here Elder Leland helped b^^ sermon and otherwise to promote the gen- 
eral aeeei3tanee of Jeffersonian principles and when Jefferson was elected 
President, Leland conceived a plan of celebrating his hero’s election by pre- 
senting him with a cheese made from the milk of every cow within the pre- 
cincts of Cheshire. On a specified day, July 20, 1801, enrd was brought in 
from all the Cheshire farmers (excluding the Federalists) and a cheese was 
made that was 4 feet in diameter and 18 inches high, and that weighed 1,235 
pounds. A cider mill was used for a press. The cheese was in the press 
11 days, after which it was stored in a curing room until ready to be shipped 
to Washington. 

In accepting the gift President Jefferson stated that he looked upon this 
New Year’s gift as a token of the fidelity of the people of the country to the 
great cause of equal rights to all men, that he would cause the event to be 
placed upon the archives of the Nation, and that he would ever esteem it as 
one of the happiest occasions of his life. 

The news of this event spread throughout the country and Elder John 
Leland became more famous than ever. A certain Federalist is said to have 
asked Elder: *Hs it true that President Jefferson found some skippers in 
the cheese when he cut it?” The reply was, ‘Ht is quite possible, for al- 
though we tried to exclude all Federalists we learned afterwards that one 
or two got by us and some of their curds may have contaminated the cheese. ” 

If Jefferson were alive today, I have no doubt but that he would be tlie 
owner of a herd of well-bred, registered dairy cattle. He would have the 
best of equipment on his dairy farm and would practice the kind of dairy 
husbandry that would lead to impx’ovement in the efficiency of his animals, 
in the fertility of his fields, and the production of farm products of the high- 
est quality. The records of his interests and achievements all point in that 
direction. He was also interested in forming agricultural societies, for 
mutual aid and study of technical problems. It is my feeling, therefore, 
that he would heartily approve of the work our American Dairy Scieffee 
Association is doing and might even be, a member of the Association. 
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EXTENSION SECTION 

El. Dairy Herd Improvement Association Organization and Agreement 
Forms. "W. T. Crandall, Cornell University^ Ithaca^ N. Y. 

Early in this war it w^as apparent in New York that counties were most 
successful in maintaining D. H. I. A. work when their testing work was 
organized on a comity wide or district basis. Some counties with inde- 
pendently organized associations found it desirable to reorganize under the 
centralized plan in order to : (1) Rearrange routes to reduce travel of super- 
visors. (2) Arrange for smaller circuits to be tested by part-time supervi- 
sors. (3) Shift supervisors from one circuit to another to prevent the loss 
of two consecutive months’ records in any one herd. (4) Combine any cir- 
cuit losing its supervisor, with some other circuit for bi-monthly testing 
until a new supervisor can be obtained. (5) Give greater consideration to 
herds carrying on long-time breeding programs and H. J. R. tests. 

It is important in a centrally organized county or, district association 
that directors be chosen so that each circuit will have active representation. 
Bach circuit should maintain separate identity in the reporting and sum- 
marization of its records. 

It is suggested that any group of D. H. I. A. members be considered a 
circuit when it tests regularly with a full-time supervisor ; or when it tests 
with a part-time supervisor with less than a full membership either because 
of geographical location, inability to get a full membership or the use of 
one or more supervisors who can devote only part time to association testing. 

Agreements outlining the responsibilities of dairy herd improvement 
association members and supervisors in carrying on the business and work 
of D. H. I. A. testing are not legally binding and should not use legal and 
formal language. Such agreements are worth while in outlining the obliga- 
tions and full responsibilities of the supervisor, the members and the 
organization. 

Agreements should be simple but definite in statement of duties, so that 
there can be no misunderstanding on the part of either the supervisor, the 
member or the officers as to the purpose of the work or as to what must be 
done to accomplish that purpose. 

E2. Short Cuts in Record Keeping. J. P. Kendrick, Dairy Bureau, U, jS. 

Department of Agriculture, Washington, D, C. 

The present method of obtaining, calculating, and -rfeording feed and 
production records in dairy herd improvement associations involves a great 
amount of detail record work, and in some instances duplication of work, 
to obtain data now required in the complete D. H. I. A. program. Perhaps 
some of the detailed work and most of the duplication of work may be re- 
ditced or eliminated without affecting the reliability of the records or their 
nsability in the D. H. I. A. program. 
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With manpower at a premium, it is appropriate that the record-keeping 
methods of dairj?' herd improvement associations be critically analyzed to 
determine if the methods now in use can be streamlined to simplify the 
record-keeping work and thereby reduce the time required of association 
supervisors to obtain satisfactory records. 

Some States have devised new methods of calculating production records 
and others have developed simplified record-keeping forms, all conforming 
with the basic rules governing association testing, wdiich reduce the time 
required for the association supervisor to obtain and record satisfactory 
data. These developments should be reviewed and studied to determine if 
any of the methods developed should be adopted generally. 

The record-keeping forms now in general use in associations have evolved 
through periodic revision of old forms to serve new phases of association 
w'ork as they were developed and added to the program. It is appropriate 
to review as a whole all record-keeping forms now in use and explore the 
possibility of developing entirely new and simplified forms incorporating 
all the improved features that have been developed that are sound and 
practical for general use to serve the overall dairy herd improvement pro- 
gram as it is now conducted, 

E14. Securing Supervisors During and Immediately Following the War, 
C. E. Gearhart, Pennsylvania State College, State College, Pa, 

The securing of D. H. I. A. supervisors seems to be as difficult, if not 
more so than it was in the fall of 1942 . This is due to the dxuve made by 
Selective Service for more men in the Armed Forces. Practically no de- 
ferments for men under 26 and very few for those over 26 are being granted. 
Our difficulties are increased by Selective Service rescindixig ^‘Activity and 
Oecupationar^ Bulletin No. 18, which listed D. H. I. A. supervisors among 
•critical occupations. They are, however, still listed among essential occu- 
pations in ^‘Activities and OecupationaP’ Bulletin No. 5. 

Many Draft Boards are somewhat confused as to their right to defer 
supervisors even though they feel that such action is justified. Deferring 
supervisors does not always solve our problem. Over half of the men that 
are deferred cannot stand the remarks, ■ and insinuations that are often 
made, and enlist in the Armed Forces. The securing of cars, tires, and 
gasoline add to the difficulties of securing supervisors, but are minor factors 
compared to the loss of supervisors to the Armed Forces. 

With these facts in mind, I shall review past methods used in securing 
supervise, and recommend one or two new ones. In Volume 25, No. 8, 
issue p|^-''**^|[purnal of Dairy Science are a few suggestions made in 1942, 
namef.^ He^^i^ping Qualified Tester Personnel,’^ by A. J. Cramer, 
“Supeid and fi>roblems, ^ ’ by H. B. Loveland, “Emergency Adjustment in 
.D. H. I. Tldr^rocedure, ’ ^ by C. E. Gearhart, “Current Developments Affect- 



THIRTY-NINTH ANNUAL MEETING 


619 


iiig D. H, I. A. Work/^ by Joseph B. Parker. The key thought in all of 
these briefs is the securing and maintaining of D. H. I. A. supervisors. 

Some suggestions were made that did not prove practical, such as the 
use of local dairymen, 4-H Club members and Vocational Agriculture stu- 
dents who had not taken a short course, to keep the work going until a 
regular tester could be secured. 

In 1943, Volume 26, No. 8 issue of the Journal of Dairy Science, we 
again find four papers, the central thought of which is ways and means of 
keeping D. H, I. A. work going after the regular supervisor leaves. Page 
719 — '‘The Use of Conscientious Objectors as Dairy Herd Improvement 
Association Supervisors,’^ by C. R. Gearhart. Page 721 — "Vocational 
Agriculture and Junior D. H. I, Associations in War-time D. H. I. A. 
Adjustments, ” by R. P. Evans. Page 722 — "Bi-MTontlily Testing as a War- 
time D. H. I. A. Adjustment,” by E. C. Scheidenhelni, Page 723 — "Com- 
bining Associations,” by Floyd J. Arnold. 

Securing and holding supervisors. This past year, every effort was 
made to locate and train qualified men and women for D. H. I. A. positions. 

Short courses were given every two months. We have used newspaper 
articles, radio talks, and personal letters to locate testers. 

Special notices were sent to county agricultural agents and vocational 
agricultural teachers. 

The Draft Boards have assisted in locating men placed in 4-P and yet 
we have less than a dozen 4-P supervisors in the field. 

The State U. S. Employment office has offered their assistance, and two 
supervisors from that source are now in the field. 

Our attempts to interest men over draft age have been rather unsuccessful. 
We have secured only three such men during the past two years. The 
change of beds and diet seems to be the main objection of men in the over- 
age group. 

We have fourteen girls working now, with only one or two prospects 
for getting more. We are well pleased with their work. It is usually 
neater and just as accurate as that done by the men. < Since December, 
1941, there were 23 girls hired by associations, nine of whom have resigned. 
Moving to different farms over some roads that are not too good, and in all 
kinds of weather is the main objection of the average girl. 

A number of our testers are under draft age, but it is too much to expect 
these boys to conduct the work as it should be done. All they can do is 
keep the most fundamental records. 

We have forty-one conscientious objectors, who are doing excellent work. 
Most C. P. S. men take an interest in their work even though they receive 
no financial reimbursement. They are courteous and trustworthy, and are 
respected by their dairymen. Of the forty-one, I do not know of one that 
uses tobacco, liquor or profane language. As one dairyman put it, "We 
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appreciate tlie absence of profanity, nnclean stories, etc., wliicli might infill" 
eiice oiir children. ’ ' 

During 1943, we were able to keep the old associations supplied with 
testers practically 100 per cent. In only a few cases was it necessary to 
resort to cooperative testing, that is one association loaning their super- 
visor — one month at a time — to neighboring associations. In a few cases, 
the association losing their supervisor was allowed to miss one month and 
that month averaged by using the preceding and succeeding months’ 
records. 

New source of supervisors. The only new source of securing supervisors 
is discharged soldiers. 

Work was started on this nine months ago, with a willingness to cooper- 
ate ail the way from Washington, D. C., down to the county organizations. 
Since starting on this project, personnel and channels have been changed, 
making it difficult to know just what contact to make. 

A hoped for plan. To make the project practical, I feel there should be 
one person who has contact with soldiers as they are being discharged and 
who kiiow^s about the need and qualifications of supervisors. When he finds 
men interested, he can direct them to get in touch with the county agricul- 
tural agent located in his home county. 

He should be in a position to put out information relative to the needs 
and qualifications of supervisors. When he finds a soldier interested, check 
on his qualifications, and keep in touch with him until he has been dis- 
charged and arrangements have been made for his attending a D. H. I. A. 
Short Course. 

Present plan. At present we are keeping in touch with State Head- 
quarters of Selective Service Re-employment Division,- The Veterans Em- 
ployment Division ; and the U. S. Employment Service ; all located at Har- 
risburg, Pennsylvania, the State Capital. 

Through the State U. S. Employment Service, we have sent a letter to the 
91 local offices, scattered throughout the state. This letter stated the quali- 
fications of a supervisor and requested that the local representative of the 
U. S. Employment Service get in touch with the local county agricxiltural 
agent, when finding a prospect. 

So far we have obtained only 2 discharged soldiers. 

E5. Streamlined Testing for Dairymen. Department of Dairy Hus- 
handry^ University of Wisconsin, Madison, Wis. 

In 1941 a study was made of D. H. I. A. programs in California and 
Washington to ascertain the adaptability of central laboratory testing to 
Wisconsin conditions. Two county-wide cooperative associations were or- 
ganized that year. The advantages of this system of testing soon led to the 
organization of other associations. Under the conditions imposed by the 
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war, great development of this testing program is under way in this state. 
At present 28 County Cooperative D. H. I. A.’s are organized or in oper- 
ation. 

The principal advantages of the program are: (1) Provides any type of 
testing service desired by any dairyman in the county — A. E., H. I. R., 
D. H. I. A. Standard, or Owner-Sampler. (2) Permits testing 10 to 20 
per cent of all cows in any county at all times. (3) Provides sufficient in- 
come to pay testers much more satisfactory salaries, plus travel. (4) Cen- 
tral laboratory facilities contribute toward more accurate records with less 
inconvenience to herd owners. (5) Program is conducted as a business gov- 
erned by the Cooperative Laws of the state. 

E6. Testing in Areas of Small Herds and Scarce Membership. E. A. 

Cave, South Dakota State College^ Brookings, S. Dak, 

South Dakota represents an area as outlined in the topic for discussion. 
Since the writer is familiar with the dairy herd improvement work in that 
state he can best discuss the subject by describing the progress made. 

The operation of dairy herd improvement associations in South Dakota 
has fluctuated widely since the first one was started in 1923. From that 
time until 1931 the number of associations increased to 14 with 340 herds 
and 5000 cows on test. This was a period of fairly good crops and relatively’’ 
high prices for dairy products as compared to the prices of meat animals 
and feed crops. Interest in dairying was increasing and many dairy heifers 
were imported from Wisconsin and Minnesota for 4-H dairy club members. 

The depression and several years of severe drought in the early thirties 
was disastrous to all livestock production and by the spring of 1936 had 
reduced the volume of testing to two associations containing 18 herds and 
440 cows. In spite of the relatively unfavorable prices for dairy products 
as compared to meat animals since 1936, the associations were increased to 
eight with 150 herds and about 3000 cows by 1941. In 1942 and '43 all of 
the supervisors were either deferred for agriculture or inducted into the 
armed forces. 

At the present time we have three associations containing about 45 herds, 
operated by two supervisors. One is 60 years old and the other 70. They 
are both interested in their jobs and are doing satisfactory work. They tend 
to business and do not run around nights. The 60-year-old supervisor oper- 
ates one association of 18 members on a monthly basis and another of 13 
members on a biTmonthly basis. We have not attempted to hire women or 
girls as supervisors’ because of the long distances to travel and the sentiment 
against it. 

Continuous operation of dairy herd improvement associations in South 
Dakota is confronted with many obstacles. 
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There is a lack of interest because of a cash grain farming background 
and an antipathy toward milking cows and doing chores. 

Large farms averaging about 500 acres cause crop raising and livestock, 
other than dairy, to compete very strongly with the dairy enterprise for the 
time and attention of the farm operator. 

There is much shifting back and forth between dairying and meat ani- 
mal production as the relative prices for those products change. 

The number of cows per head has averaged about 14 since the associa- 
tions were first started. 

Cows are milked and cream or milk sold from about 85 per cent of the 
farms in the state. The dairy enterprise, however, is secondary on a large 
per cent of the farms and the owners who desire to join a dairy herd im- 
provement association are few and far between. 

It is often necessary to combine the interested damymen of three or 
four counties in order to have a sufiieient number to make a full association. 
The supervisor’s route sometimes covers 300 miles or more. The holding of 
meetings, to attend to the business of the association and discuss dairy 
problems, is very difficult. It is also hard to maintain membership so the 
supervisor will have full-time work. 

Whenever a group of dairymen is interested in organizing a D. H. I. A. 
they are given all the assistance possible by the extension dairyman and 
county agricultural agent. The cooperative creamery or other marketing 
agency is usually interested and will help compile a list of dairymen as 
prospective members. These dairymen are contacted personally, by letter, 
or at called meetings. A personal interview, by an interested dairyman, 
the county agricultural agent, or the county agricultural agent and exten- 
sion dairyman, is usually most successful in obtaining members. Excuses 
for not joining are legion but when analyzed usxially mean that the herd 
owner objects to an action program. 

If enough members for a full association cannot be obtained in one 
county, dairymen in adjacent counties are solicited. A meeting is then 
■called by the county agricultural agent for organization. At this meeting 
a hoard of directors is elected which selects its own officers consisting of 
president, vice-president and secretaiy-treasurer. 

The fees for testing are agreed upon and consist of a flat rate for herds 
-of 10 cows or less plus 10 cents per cow above 10. 

Candidates for the position of supervisor are presented, when possible, 
by the extension dairyman and selected by a vote of the directors. The 
supervisor is given several days of training at the state college or trained 
right on the job by the extension dairyman. 

Supervisors are paid by each member at the time each herd is tested. 
The amount of his pay depends upon the number and size of the herds in 
the association. In some instances monthly dues of 10 cents per member 
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are collected by tbe supervisor and turned over to tbe treasurer of the 
association. After tlie supervisor becomes acquainted, be assumes some 
responsibility in keeping up tbe membersbip. 

Tbe membersbip agreements provide for one year of testing. They con- 
tain a clause requiring members, wbo withdraw during tbe year, to pay tbe 
testing fees for tbe entire year or get a substitute wbo is satisfactory to tbe 
board of directors. No attempt has ever been made to enforce this provision 
in the agreement. When members drop out, thus, cutting down on the in- 
come as well as the time of tbe supervisor; tbe county agricultural agent, 
ofiScers, supervisor, and sometimes tbe extension dairyman make every 
effort to get new members. Small associations with part-time supervisors 
have not been very satisfactory as tbe testing is likely to be irregular. In 
one instance tbe advanced registry work at two state institutions was com- 
bined with eight regular B. H. I. A. herds and worked out quite satisfac- 
torily. 

After an association has been in operation a few years new members 
have joined at irregular intervals and tbe close of the testing year is not tbe 
same for all herds. Since there is no date for stopping operation without 
leaving some herds with incomplete yearly records, tbe tendency is toward 
continuous operation of the association except when the supervisor is lost. 
Annual meetings are held if possible to elect officers, discuss dairy problems, 
get acquainted and plan tbe program for tbe year. 

A summary of the herd records is compiled each month from the super- 
visor ’s monthly report to the extension dairyman. This summary also con- 
tains news items and timely discussions of subject matter. It is mailed to 
each member, and to a mailing list of former members and county agents, 
under stamp. 

In South Dakota tbe dairy herd improvement association is looked upon 
as the most effective means of raising the efficiency of the dairy herds. 
Every effort will be made to keep them alive and functioning to the fullest 
extent possible. 

E7* Wartime 4-H Dairy Club Program. J. 0. Nageotte, Pennsylvania 
State CollegBy State Gollegey Pa, 

Before the war our dairy 4-H program included tbe careful selection of 
calves, group meetings at which we gave instructions in feeding, fitting, and 
management. This was followed by a round-up at tbe end of tbe year when 
all tbe calves were exhibited and tbe club members were scored on the type, 
fitting, showing, and record book of their project. 

War restrictions on travel, and shortage of farm labor made, it seem too 
impractical to carry on tbe former program. We were forced to decide 
whether we should curtail our program ; or change our method of conducting 
this project. Increased demand for calf club work helped us to decide to 
modify our method of conducting the work. 
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Instructions on care and management had been incorporated in the club 
record book, and by frequent new editions we have been able to keep this 
up to date. This made it possible to eliminate part of the meetings. 

The selection of the calves we have left in the hands of the parents and 
local county agents. The quality of calves hasiiT been too bad as a result of 
this practice ; but we feel this change has not been for the best. More time 
is needed to see the results in the selection of calves. 

The most drastic change was the elimination of the round-up at the close 
of the club year as a means of measuring the quality of the club work. We 
have substituted for this a scoring system which is designed to measure how 
effectively the club members apply the instructions given them on feeding 
and care of calves. This scoring is done in the club member’s barn. 

There are two score sheets used, one for first-year members, and one for 
second-year members. (Copies of these sheets will be available for distri- 
bution.) The first-year score is based on the selection of the calf, breeding 
and type, the feeding program, housing and management, training and 
fitting, record books, and attendance at club meetings. 

The second-year score includes the following headings: The breeding 
program followed, type, feeding, stabling, growth, training and fitting, 
record books, and attendance at club meetings. 

Club members receiving a score of 90 points or more receive a blue 
ribbon j 80 to 89, a red ribbon; 70 to 79, a white ribbon. Any receiving a 
score below 70 are awarded no ribbons, but are credited with a completion. 

The scoring is done by a Dairy Specialist or a county agricultural agent. 
We find that fewer blue ribbons are awarded than were at the round-ups. 
A few scores went over 100, but most fall between 70 and 89. There were as 
many below 70 as there were over 100. We also found we were scoring the 
parents as much or more than we were the club members. The parents found 
this out too, and the results have been most encouraging in getting a good 
calf-raising program established on these farms. If calf-club work is to be a 
worthwhile project it must improve practices of our farms. This scoring 
system has decidedly helped do this. 

The trend this year is to have more calf-club shows, not round-ups ; with 
the farm score used to measure the quality of the club work and the award 
to be given. We doubt if we will give up the scoring system and go back 
to the old type round-up after the war. However, we feel that a ealf-club 
show for those who are interested in showing is necessary; but we should 
have some other form of completing the project for those who do not care 
to, or cannot show. 

E8. The Forced Ventilation System of Curing Hay in the Mow. E. G. 

Connelly, Yirginia Polytechnic Institute^ Blachshiirg, Ta. 

The types of forage plants, the cultural practices followed in their pro- 
duction, and the methods used in harvesting, curing and storaging hay crops 
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largely determine the feeding qualities and milk production value of the 
hay. The forced ventilation system of curing hay offers several possibilities 
as a practical method for saving hay crops, for conserving practically all the 
plant leaves and a large percentage of green color; and for providing a more 
palatable hay of higher protein content for dairy cattle. 

The ^^Mow Hay Drier’’ consists of a series of air ducts built on the floor 
of the hay mow. Is is designed so that a large volume of air, under low pres- 
sure (at least 10 cu. ft. per minute) can be distributed uniform!}" throughout 
the duct system. The air pressure is maintained by a motor-driven, multi- 
vane fan. The single system has a central air duct that tapers from the fan 
housing at one end of the mow, down the center line on the mow floor to the 
opposite end of the mow. Smaller lateral duets, spaced at 4- to 5-foot inter- 
vals, extend at right angles from both sides of the main central duct, to within 
5 feet of the walls of the mow. The central duet is sealed, except for the 
vents that lead into the lateral duets, which resemble inverted wood troughs, 
blocked up one inch from the mow floor to permit the uniform escape of air 
into the hay deposited on the duct system. 

Hay cured properly in the mow by forced ventilation is superior to hay 
from the same cutting cured in the field. 

When samples of mow- and field-cured hay from the same cutting were 
inspected by U. S. Department of Agriculture hay grades, the mow-cured 
samples w^ere graded consistently one to two grades higher than the field- 
cured hay. 

Samples of mow-cured alfalfa hay, leafy, green, showing less than i 
bloom, from the 1943 crop, taken in March and April, 1944, from mows on 
five different Virginia dairy herd improvement association farms, analyzed 
92 to 93 per cent dry matter; 3.23 to 3.75 per cent nitrogen, or 20.19 to 23.44 
per cent crude protein on a calculated basis. One especially leaf}^ green 
sample of mow-cured alfalfa hay, still showing purple color in the bloom, 
was taken from the mow on a sixth Virginia dairy farm. This sample 
analyzed 92 per cent dry matter ; 4.39 per cent nitrogen, and 27.44 per cent 
crude protein on a calculated basis. 

The alfalfa hay cured by forced ventilation on the above five Virginia 
dairy herd improvement association farms was fed to the respective farm 
dairy herds. Under the practical conditions maintained on these farms, the 
average monthly milk production per cow for the five- to seven-month period 
when mow-cured hay was fed was consistently greater than the average 
monthly milk production per cow for the comparable five to seven months 
of the previous year when field-cured hay was fed. 

The cows in Herd No. I averaged 536 pounds of milk per month on field- 
cured hay in the 1941 hay-feeding peiuod, and 644 pounds of milk, and 615 
pounds of milk per month on mow-cured hay in the comparable 1942 and 
1943 hay-feeding periods, respectively. In Herd No. II the cows averaged 
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676 pounds of milk per month on fleld-cnred hay in 1941; fed mow-cnred 
hay they averaged 681 pounds, and 698 pounds milk production in 1942 and 
1943, respectively. The average monthly milk production per cow in Herd 
No. Ill was 570 pounds for the months in 1941 when the herd was fed field- 
cured hay; and 623 pounds, and 610 pounds per month for the comparable 
periods in which they were fed mow-eured hay in 1942 and 1943, respec- 
tively.- In Herd No. IV the cows averaged 673 pounds of milk per month on 
field-cured hay in 1942, and 757 pounds of milk on mow-cured hay in 1943. 
The cows in Herd No. V averaged 909 pounds of milk on field-cured hay in 
1942, and 1040 pounds per cow on mow-eured hay during the comparable 
hay-feeding period of 1943. All herds were milked twice daily. Silage was 
fed with the hay. The grain supplement, containing approximately 13 per 
cent crude protein in Herd No. V, and 14 to 18 per cent crude protein in the 
other, four herds, was fed by weight according to milk production. 

Ell. Action Program for Rapid Washing Method. J. M. Jensen, Mich- 
igan State College^. East Lansing^ Mich. 

Considerable attention has been given to a field program involving practi- 
cal rapid methods of washing dairy utensils and utilizing wetting agents and 
sodium hexametaphosphate as detergents. 

The rapid ‘^flush’^ methods of washing separators and milking machines 
were tried and found to be highly satisfactory, after which the procedure 
was presented to inspectors, sanitarians and county agricultural agents 
before being taken to the field in form of demonstration meetings. 

Unusual interest was shown by audiences in these demonstrations. As a 
result of 32 meetings attended by 1,300 persons more than 100,000 pounds 
of wetting agent detergent alone was reported sold in the first six months 
after its initiation in lower Michigan. 

PRODUCTION SECTION 

PI. Some Factors Affecting the Nutritive Value of Korean Lespedeza 
Hay.* H. A. Herman, B. W. Swanson and A. C. Ragsdale, Ufi'i- 
versity of Missouri ^ Columbia, Mo. 

Digestion trials with growing dairy heifers have indicated a wide varia- 
tion in the nutritive value of Korean lespedeza hays. Routine chemical 
analyses have been found to give a poor index of the nutritive value of the 
hay because of the characteristic tendency of Korean lespedeza to contain 
large amounts of lignin. This plant generally contains about 50 per cent 
more lignin than alfalfa. Typical samples were found to contain 17 per cent 
lignin in the stems and 23 per cent in the leaves, whereas in alfalfa the stems 
are about twice as high in lignin as the leaves. 

* Contribution from the Department of Daily Husbandry, Missouri Agricultural 
Experiment Station, Journal Series No. 950. 
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Digestion trials with 12 growing Holstein heifers fed Korean lespedeza 
cut at various stages of growth indicate a decrease in total digestible nutri- 
ents with increasing lignin content and advancing maturity of the plant. 
Korean lespedeza cut for hay at an early to intermediate stage of growth 
contained 52.03 per cent total digestible nutrients, whereas the late-cut hay 
contained an average of only 37.9 per cent. Early-cut hay contained about 
15 per cent and late-cut from 19.9 to 23 per cent lignin. Holstein heifers 
weighing an average of 800 pounds, and fed 2 pounds daily of the late-cut 
lespedeza hay per hundredweight, were unable to make gains in nitrogen 
storage and were occasionally in a negative balance. Since we have found 
mature, highly lignified, Korean lespedeza hay to be of lower nutritive value, 
it tends to further explain the deleterious effects on milk production where 
dairy cows are forced to consume large quantities of such hays. Early-cut 
or immature Korean lespedeza is comparable in nutrient content to alfalfa 
hay, but unfortunately much of it is harvested at a stage too mature for good 
quality hay of highest feed value. 

P2. The Feeding Value o£ Cheat for Dairy Cows.* M. H. Berry, K. L. 

Turk, and L. A. Moore, University of Maryland^ College Parky Md, 
Two feeding trials were conducted for the purpose of determining the 
feeding value of ground cheat {Bromus secalinus) as compared with ground 
barley when fed as 30 per cent of a grain ration for milking cows. In Trial 
I, two groups of six milking cows were fed on a double reversal trial for 
three six-week periods. In the second trial, two groups of five milking cows 
were fed on a double reversal trial for two six- week periods and for one 
four-week period because an insufficient amount of cheat was available to 
carry the cows to the end of the regular period. 

The only variant in the ration fed to both groups in both trials was the 
substitution of cheat for an equal amount of barley in the grain mixture. 
Grain was fed according to milk production, allowing one pound for every 
three pounds of 4 per cent fat-corrected milk. Alfalfa hay was fed at the 
rate of one pound per day and corn silage at the rate of three pounds per 
day for each 100 pounds of live weight. 

In the first trial, the cows on the cheat mixture averaged 27.2 pounds of 
milk and 1.3 pounds of butterfat daily with an average per cent fat of 4.8. 
The cows fed the barley mixture averaged 26.7 pounds of milk and 1.3 
pounds of butterfat daily with an average per cent fat of 4.7. When the 
milk produced by each group was converted to 4 per cent fat-corrected milk, 
the cows on the cheat mixture averaged 30.1 pounds and the cows on the 
cheek or barley ration averaged 29.6 pounds daily. 

There was no significant difference in the feed consumption of the two 
groups. The average change in live weight per cow per week for the trial 
* Scientific Article A85a, Contribution No. 1942 of tbe Maryland Agricultural Experi- 
ment Station (Department of Dairy Husbandry) . 
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was also insignificant. The cows on the barley mixture lost an average of 
1.2 pounds and those on the cheat mixture lost an average of 2.2 pounds per 
cow per week for the entire experimental period. 

Ill Trial II, approximately the same results were secured as were in 
Trial I. The cows fed the cheat mixture averaged 25.9 pounds of milk and 
1.1 pounds of butterfat daily with an average per cent fat of 4.3. The cows 
fed the barley mixture averaged 25.2 pounds of milk and 1.2 pounds of 
butterfat daily with an average per cent fat of 4.8. When the milk produced 
by each group was equated to its equivalent value in 4.0 per cent fat-cor- 
rected milk, the cows on the cheat mixture averaged 27.4 pounds of milk and 
the cows on the barley ration, 28.1 pounds of milk daily. 

In this trial as in Trial I, there was no significant difference in the feed 
consumption of the two groups. In Trial II, the cow^s on fhe cheat mixture 
maintained their weight at a very slightly higher level throughout the trial. 
The cows on the cheat mixture made an average weekly gain of 4.6 pounds 
per cow and those on the barley mixture 4.1 pounds per cow per week. 

The average composition of the cheat fed in these trials w^as as follows : 
8.60 per cent water, 12.36 per cent protein, 2.13 per cent fat, 8.14 per cent 
fiber, 2.95 per cent ash, and 65.84 per cent nitrogen-free extract. 

The average composition of the barley fed in these trials was as follows : 
10.95 per cent water, 12.75 per cent protein, 2.24 per cent fat, 5.33 per cent 
fiber, 2.30 per cent ash, and 66.45 per cent nitrogen-free extract. 

The results obtained in these two feeding trials with dairy cows show 
cheat to be equal to barley in feeding value for milk production. Chemical 
analyses of the cheat and barley fed in both trials showed cheat to be practi- 
cally the same as barley in composition. 

P3. Invisible or Fermentation Losses in Silage Making. A. B, Perkins^ 
Ohio AgriciilhiToZ Experiment Station^ Wooster, Ohio. 

Certain losses encountered in silage making, such as leakage of juice or 
top spoilage, are obvious and with ordinary methods may be determined if 
desired. These losses, moreover, may with proper care be largely or entirely 
avoided. 

Another type of loss which occurs in the ensiled mass cannot be so readily 
detected or avoided. Water and gases are formed as by-products of chemical 
or fermentative reactions, some of which escape or are of no further nutri- 
tive value. The exact extent of this type of loss is not well known and is 
not readily measurable. The total loss of weight of the ensiled material 
when evaporation is avoided gives a rough measure of the ^‘Periiientation 
loss.’’ 

Work with a series of small experimental silos is reported in which the 
invisible or fermentation loss is determined by the total loss of weight^' 
method. One series of 49 such observations previously reported gave an 
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average loss of 4.18 per cent. The loss seemed to be greater with some crops 
than with others. A series of 62 observations during the 1943 season gave 
an average loss of 3.56 per cent. Both these values are probably too high 
because of imperfectly controlled evaporation. 

These values are, nevertheless, in decided contrast to those in the 
neighborhood of 15-20 per cent which have often been reported, especially 
when procedures which involve the drying of samples of the silage are 
employed. A parallel series of w^ater determinations on 68 samples of silage 
by oven drying and by a distillation technic shovred an average difference 
of 2.05 per cent on the fresh basis, equivalent to 8.95 per cent dry basis. Dry 
matter, if taken as 100 per cent minus the water, would vary to the same 
extent in reverse order of magnitude. 

This would account for a major part of the discrepancy in results 
between ensiling losses obtained by the total- weight-loss method and others 
obtained by procedures which involve oven drying of silage samples. 

P5. Effect of Feeding Corn and Alfalfa Silages on the Fat-and- Water- 
Soluble Vitamins of Winter Milk. J. J. Stefaniak, I. W. Eupel, 
AND W. H, Peterson, University of Wisconsin, Madison, WAs. 

Carotene and vitamin A. An experiment to determine whether a corn 
silage high in carotene would approach an alfalfa silage in maintaining a 
high level of carotene and vitamin A in the milk was conducted with 3 lots 
of milking cows. Lot I received corn silage ; lot II, equal amounts of corn 
and alfalfa silages ; and lot III, alfalfa silage. Besides silage, all lots were 
fed a good grade of alfalfa hay and a grain ration adjusted to correspond 
to the butter-fat production. Each lot consisted of five cows selected so that 
lactation and butter-fat production were approximately equal. The feeding 
period began on November 10th and ended on February lOtb. 

Milk production for the three lots at the beginning of the trial and at 
the end of the 8th week was as follows (lbs. 4% milk per cow daily) : lot I, 
29.8, 24.7; lot II, 29.8, 22.1; lot III, 29.2, 22.5. 

While the carotene and vitamin A contents of the milks increased with 
the intake of carotene in the ration, this increase was not directly propor- 
tional to the intake. From silage, lot I received 289 mg. of carotene per cow 
per day, lot II, 664 mg., and lot III 1,039 mg. From the alfalfa hay, about 
125 mg. additional carotene per cow per day was ingested. Carotene and 
vitamin A of the milk expressed as micrograms per gm. of bntterf at were ; 
lot I, 4.58 carotene and 5.56 vitamin A; lot II, 5.39 and 5,89; lot III, 5.74 
and 6.94. These data show that the corn silage was almost equal to the 
alfalfa silage in maintaining the carotene and vitamin A contents of the 
milk. 

Three B vitamins. During two preceding years, the effect of feeding 
several different types of silage for about 10 weeks on the contents of panto- 
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tlienic acid, niacin and biotin of the milk was tested. The average figures 
per ml. of milk were as follows : corn silage, 3.8 micrograms pantothenic acid, 
0,69 micrograms niacin and 28 niillimicrograms biotin; corresponding fig- 
ures for soybean-sorghiim silage were 4.9, 0.65 and 46 ; the values for alfalfa 
silage were 4.1, 0.60 and 49. 

Biotin was the only one of the three vitamins which varied significantly 
with the forage fed. Milk from cows fed soybean-sorghum and alfalfa 
silages contained about 50 per cent more biotin than that from corn silage. 

P6, A New Feeding Standard for Milk Production. T. A. Baker, Uni- 
versity of Delaware, Newark, Del. 

At the Delaware Agricultural Experiment Station five groups of Holstein 
cows were fed for two consecutive lactations at different levels of total 
digestible nutrients. The actual levels above maintenance requirements as 
calculated at the end of the experiment were 82,2, 98.0, 105.3, 122.4, and 
131.0 per cent of the Haeeker standard. 

The addition of a pound of T.D.N. gave as great an increase in milk 
production at the higher levels as at the lower. The average return from 
the addition of a pound of T.D.N. to the ration was 1.46 lbs. of 4 per cent 
fat-corrected milk. 

It is recommended that the feeding standard for milk production be 
raised 20 per cent above the Haeeker standard. 

P7. Limited-Grain Ration vs. All-Roughage Ration for Dairy Cattle. 
P. B. WoLBERG, A. A, Spielman, V. L. Milheb, and U. S. Ashworth, 
State College of Washington, Pullman, Wash. 

At one year of age one group of Holstein heifers was placed on an all- 
roughage ration consisting of pasture, hay and silage. The other heifers 
receive similar roughage plus a limited amount of grain, 1.6 to 2 pounds 
daily during winter only. All the animals are kept in the herd throughout 
their productive life. During lactation the limited-grain group receives one 
pound of grain for each eight pounds of milk produced. 

Data are presented on the first eight years of this study. Thirty-five 
heifers in the limited-grain group and 28 in the all-roughage group have 
been raised from one year of age to calving. The average age at calving was 
29.8 months for the limited-grain group, and 30 months for the all-roughage 
group. The average total digestible nutrients consumption per 100 pounds 
gain in live weight for heifers not receiving grain was 1386 pounds, and for 
heifers receiving grain, 1309 pounds. The average gain in height and body 
weight during a period of 540 days was 16.9 centimeters and 491.8 pounds 
for the all-roughage heifers. 

The number of completed lactations to date for each group is as follows : 
limited-grain group, first lactation 23, second lactation 13, third lactation 11, 
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fourth lactation 5; all-roug'hag*e group, first lactation 24, second lactation 15, 
third lactation 10, fourth lactation 4. The average production of FCM ws 
10,444 pounds for the all-roughage group and 7,941 pounds for the limited- 
grain group. The gross efficiency of the two groups as indicated by the 
FCM/TDN ratio is in favor of the grain group wnth a ratio of 1.47 as com- 
pared to a ratio of 1.38 for the all-roughage group. 

The average number of services per conception was 3.11 for the grain 
group and 3.34 for the all-roughage group. 

P9. Carotene Losses in Freshly Cut Plant Tissues. E. K. Waugh, S. M. 
Hauge, and J. H. Hilton, Fiirdue University^ West Lafayette, Ind , 

Green plant materials with high carotene content often contain small 
amounts of carotene after they have been made into hay. This loss is prob- 
ably due to enzymic action. Previous investigations indicate that the re- 
tention of carotene in some plant materials is greater than in others. 

During the past year studies have been made to determine the losses of 
carotene in various types of freshly cut plant material. In these tests it 
was found that the destruction of carotene, due to enzymatic activity, was 
greater in alfalfa, red clover and sweet clover than in the oat plant, Ken- 
tucky bluegrass and bromegrass. Other plants, such as corn, soybeans, and 
lespedeza, seem to have an intermediate enzyme activity. 

PIO. Vitamin A Requrements of Dairy Cattle for Normal Growth and 
Reproduction. J. H. Hilton, J. W. Wilbur, and S. M. Hauge, 
Purdue University, West Lafayette, Ind, 

Studies have been in progress for several years to determine the vitamin 
A requirements of dairy cattle for normal growth and reproduction. Two 
groups of 60-day-old heifers were fed a vitamin-A-deficient ration until 
their body stores had been depleted, after which one group was fed 7,500 
I.U of vitamin A and the other group 15,000 I.U. of vitamin A daily. The 
source of vitamin A was a concentrate from fish-liver oil. These heifers 
were continued on these levels from approximately five month of age 
through the first gestation. Heifers of both groups grew satisfactorily. 

Although these levels were adequate for growth they were inadequate 
for normal reproduction. Of the heifers on the 7,500-umt level, one failed 
to conceive and the other dropped a dead calf prematurely. Autopsy of the 
calf showed marked degeneration of the nervous system. Both heifers on 
the 15,000-unit level, likewise, dropped premature calves which were abnor- 
mal, blind and died within 48 hours after birth. These calves also showed 
degeneration of the nervous system, but to a less extent than the calf from 
the heifer on the 7,500-vitamin-A-umt level. 

During the second gestation the daily vitamin A intake of two of the 
heifers was increased from 15,000 units to 30,000 and 45,000 units, respec- 
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lively. Both heifers dropped normal calves at the end of normal gestation 
periods, 

PlL Carotene Levels for Growth and Reproduction in Dairy Bulls. I. 

. R, Jones and J. R, Haag, Oregon State College, Corvallis, Oreg. 

A group of Jersey bulls was fed whole milk to 40 days, skimmilk to 90 
days, and a calf meal in increasing amounts up to 3 pounds daily. Dried 
molasses beet pulp was fed ad libitum. 

Two calves fed the basal ration only developed symptoms of vitamin- A 
deficiency in 6 to 8 weeks after whole-milk feeding was discontinued. The 
symptoms included diarrhea, eye disorders finally resulting in permanent 
blindness and eventually death. Blood plasma carotene values were usu- 
ally of the order of 0.03 ppm. 

Eight additional calves were divided into groups of 2 which respectively 
received alfalfa meal to supply carotene at the daily rate of 5, 20, 35, and 65 
micrograms per kilogram of body weight. 

Levels of 5 and 20 micrograms carotene per kilogram of body weight 
were not sufficient to prevent symptoms of vitamin-A deficiency, one calf 
dying and the other 3 becoming permanently blind. One of the latter dis- 
located a hip on falling and was destroyed. The carotene intakes of the 
other two calves, Nos. 51 and 55, were raised to 65 mierograms per kilogram 
of body weight at 236 and 184 days of age with the result that the bulls 
again began growing and the blood carotene values rose from around 0.06 
to about 0.40 ppm. At 375 and 323 days of age the carotene intakes were 
reduced to 25 mierograms per kilogram, which has been sufficient for them 
to make normal growth and maintain blood carotene values of about 0.30 
ppm. to their present ages of 556 and 504 days. Semen samples from the 
older bull No. 51 appear normal, and 3 females are probably pregnant to his 
service. Bull No. 55 has as yet not shown sexual desire, although other 
than being blind, he appears entirely normal. 

The two bulls Nos. 52 and 59 fed 35 mierograms carotene per kilogram 
body weight have responded somewhat differently. No. 52 grew normally, 
had blood carotene values of 0.07 to 0.12 ppm. from 122 to 278 days of age 
at which time he suffered a convulsion in his pen and was found to be totally 
blind. No change was made in carotene intake. He has continued to grow 
normally and at 500 days had blood carotene value of 0.46 ppm. Semen 
samples appear normal. No. 59 has grown at an above normal rate, with the 
lowest blood carotene value 0,13 ppm. at 74 days of age and the present 
value about 0.50, Pour females have been bred to him with two definitely 
pregnant after 1 and 3 services. 

The two bulls Nos. 57 and 60 fed 65 mierograms carotene per kilogram 
of body weight have grown considerably faster than normal throughout the 
study without symptoms of vitamin-A deficiency. Blood carotene values 
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have gradually iuereased from about 0.2 to 0.4 ppm, as the animals have 
become older. Seven heifers have been bred to No. 57 with 3 probably preg- 
nant. Four heifers have been bred to No. 60 with 2 pronounced pregnant. 

PI 2. Changes in Blood-Plasma Carotene Associated with Parturition and 
Lactation of Jersey Cows. A. H. Kuheman and W. D. Gallup^ 
OMahoma A. & iff. College, Stillwater, Okla, 

Further investigation of changes in the carotene content of the blood 
plasma of Jerseys at parturition has provided results which are in good 
agreement with those previously reported by the authors. They are also 
in general agreement with the results obtained by Sutton and Soldner with 
Ayrshire, Guernsey and Holstein eow^s. 

As in previous studies the experimental ration was composed of prairie 
hay, beet pulp, cottonseed hulls, cottonseed meal and minerals. Occasion- 
ally white hominy feed was included in the ration. Prairie hay in varying 
amounts was the source of carotene in the ration in all but a few instances 
when known amounts of carotene in the form of ^^Puratene'^ ^vere given 
daily. 

The carotene content of the hay was determined on composite daily 
samples at monthly intervals by Peterson’s method. Plasma carotene 
determinations were made at monthly or more frequent intervals by colori- 
metric methods, the petroleum-ether soluble pigment being compared to po- 
tassium dichromate standards. Carotene determinations were made on 
butterfat samples of individual cows on the fifth day in lactation by the 
spectrophotometric procedure of Praps. 

Data which were secured from 63 calving records of 30 high-grade Jer- 
seys showed that at parturition there was a decrease in plasma carotene in 
52 cases, an increase in 9 cases and no change in 2 eases. The average 
plasma carotene values for the entire group were 169 mierograms per 100 
ml. plasma before calving and 134 mierograms after calving. This is an 
average decrease of 21 per cent. These results when grouped according to 
the carotene intake of the individual cows before and after calving either 
as milligrams per day or as mierograms daily per pound body weight, showed 
the general decline in plasma carotene previous to and directly after calving 
for all groups. The percentage decrease in plasma carotene was directly 
related to the amount present previous to parturition,* it was less closely 
related to carotene intake since some cows maintained relatively high plasma 
carotene values despite low intakes. For cows on low levels of carotene in- 
take and having correspondingly low plasma carotene values, 70-72 micro- 
grams per 100 ml. of plasma, the decrease in plasma carotene at calving was 
less than 2 per cent. When plasma carotene values were high, over 200 
mierograms per 100 ml. of plasma, the decrease at calving time was over 30 
per cent. Groups between these extremes showed intermediate values. At 
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present there seems to be no explanation for these changes in plasma caro- 
tene. They may be associated with milk secretion, absorption or storage, 
or with a more efficient conversion of carotene to vitamin A during a critical 
period. 

There is apparently a rather definite relationship between the carotene 
content of the blood plasma after calving and the carotene content of the 
butterfat. Carotene values of the biitterfat of milk produced on the fifth 
day in lactation were : 0.88, 1.51, 2.90 and 3.32 micrograms per gram of fat 
when the blood-plasma carotene values after calving were, respectively : 67, 
114, 174 and 262 micrograms per ml. of plasma. 

PI 3. Vitamin E in the Nutrition of Cattle. T. W. Gullickson, L. S. 
Palmer, W. L. Boyd, and P. C. Olson, Minnesota Agricultural 
Experiment Station, St. Paul, Minn. 

This is a progress report and relates to a study started in 1938, the object 
being to determine the importance of vitamin E in the nutrition of cattle, 
especially in relation to reproduction. In 1940 we reported in regard to the 
vitamin-E potency of a considerable number of feedstufls and also the 
methods of assaying used. The present report deals with the results ob- 
tained with cattle fed rations made up entirely of feeds devoid of vitamin E 
as determined by both bioassay and chemical tests. 

A total of 22 animals, 15 females and 7 males, of various breeds have 
been used to date (including one female and one male fed alpha tocopherol 
as a supplement) for more or less extended periods of time. Records have 
been kept of growth, amount of feed fed, physical and sexual development 
and general well-being of each animal. Determinations have also been 
made at monthly intervals of the calcium and inorganic phosphorus and the 
ascorbic acid content of the blood plasma. 

Growth and physical and sexual development in all cases have been 
normal Of the eleven females of breeding age, including the cheek ani- 
mal, ten have calved normally. The other heifer died suddenly from un- 
known causes about six weeks before she was due to calve; however, the 
fetus present was normal. All calves have been normal in size and very 
vigorous at birth. In only two of the eleven heifers represented was more 
than one service required for conception. The sire used in each case was 
raised on a vitamin-E-free ration. A considerable number of heifers were 
discontinued after calving and therefore little information is available in 
regard to second calvings. 

The ascorbic acid content of the blood plasma of cattle on vitamin-E- 
free diets was similar to that of the check animals and those fed normal 
rations. Some of the vitamin B ingested by cattle fed normal rations was 
voided in their feces. None was found in the feces of those fed the vitamin- 
E-free rations. No detectable amount of vitamin B has been found in the 
tissues (liver, muscle, body fat, testes) of cattle fed the deficient rations. 
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P13a. The Value of Fat in Alfalfa Hay Rations. J. H. Byers, V. R. 
Smith, and I. R. Jones, Oregon State College, Corvallis, Oreg, 

Cows fed alfalfa hay supplemented with salt and disodium phosphate 
have produced in our herd only about 70 per cent as much fat-corrected milk 
as expected from the amount of total digestible nutrients consumed. 

Experiments with six cows were conducted over a period of two years, 
during which various concentrates, including ground soybeans, skimmilk 
powder, sugar, fish meal, meat meal, blood meal, molasses beet pulp, dehy- 
drated molasses, wheat bran, soybean meal, peanut meal, oat groats, and 
wheat middlings were fed over 4-week periods in comparison with periods of 
feeding on alfalfa hay supplemented only with salt and disodium phosphate. 
The decline in production when the cows received a ration of alfalfa hay 
alone, whether in early, middle, or late lactation, was practically always 
much more rapid than when part of the alfalfa hay was replaced by calcu- 
lated equal amounts of total digestible nutrients in the various concentrates 
used. The production was particularly higher during the periods when 
soybeans were fed. Skimmilk powder seemed to be the next most efScient 
of the concentrates used. 

The results with these various concentrates might indicate that the di- 
gestible nutrient system overrates the productive value of alfalfa hay when 
it constitutes the principal or sole source of nutrients other than minerals. 

In order to cheek further the relationship between the fat content of the 
ration and the production of milk and butterfat, four additional cows were 
carried through complete lactations on rations of alfalfa hay and ground 
sdij^beans, alternated at 6-week intervals with alfalfa hay and soybean meal. 
The average fat content of the dry matter of the ration was 5.12 per cent 
when the ground soybeans were fed and 2.55 per cent when soybean meal 
wa$insed. 

this experiment, twenty-five feeding periods allowed seventeen com- 
parii^ns to be made of the high- and low-fat rations. The high-fat ration 
favored milk production in five ; fat percentage in fourteen, the average in- 
crease being 12.8 per cent; pounds of butterfat in fifteen, the average in- 
crease being 11.0 per cent ; and pounds of fat-corrected milk in twelve, the 
average increase being 7 per cent. 

The feeding of ground soybeans or soybean meal with alfalfa hay al- 
lowed milk and butterfat production to be maintained above or at least 
equal to what is expected of cows on good rations throughout the lactation. 

P 14 . Studies on Ketosis in Cattle. J. C. Shaw and L. D. Matterson, 
Departments of Dairy Industry and Poultry Susbandry, Storrs 
Agricultural Experiment Station, Storrs, Conn. 

Nine cows with severe ketosis as shown by ketonemia, hypoglycemia and 
lack of appetite had an average blood-plasma carotene level of 321.8 micro- 
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grams per 100 ml. of plasma (range 131 to 768). Vitamin A was deter- 
mined on seven of these animals and was found to average 24 micrograiiis 
per 100 ml. of plasma (range 14.4 to 33.6). Tlie oral administration of 
from one to four million units of vitamin A per day for as long as three 
weeks was completely ineifective in improving the appetite or alleviating the 
hypoglycemia and ketonemia. Turning the cows out on pasture usually 
resulted in rapid recovery, in some cases in as little as two to three days. 

PI 5. Symptoms of Scurvy Observed in a Herd of Cattle, C. W. Duncak, 
C. F. Huffman^ R. Mitchell, Jr,, and J. T. Reid, Michigan State 
College^ East Lansing, Mich. 

Preliminary field observations made during the past winter and spring 
indicate that cattle may develop symptoms of scurvy under some conditions 
of livestock management. More than 35 cows and calves on one farm have 
died as a resnlt of the disease. 

The symptoms of the disease in the surviving animals were characterized 
hy loss of weight and fatigue. Mouth examinations indicated that the in- 
terdental papilla, the marginal or the alveolar gingiva may be involved to a 
greater or lesser degree. The marginal gums in some of the animals were 
bluish to reddish in color, frequently swollen but in some eases receding 
from the teeth. Eroded areas were most frequently found on the upper 
dental pad, to a lesser extent on both the upper and lower pads and to a 
minor degree on the lower pad. There was no excessive salivation but less 
than normal seemed to be the rule. Lesions on the nose and lips were com- 
monly found. The skin of the animals manifest a rough, dry scaly condition 
and some small reddened areas due to subcutaneous hemorrhage were 
observed. 

The blood picture of these animals was characterized by low plasma 
ascorbic acid values, low hemoglobin values and low magnesium values. 
The addition of chlorobutanol to tlie regular ration caused a marked in- 
crease in the plasma ascorbic acid values, gradual healing of the eroded 
areas on the dental pads and a marked improvement in the skin condition. 

P16. The Effect of the Level of Negative Pressure on the Rate of Milk- 
ing. Vearl R. Smith and W, E. Petersen, University of Minne- 
sota, St. Paul, Minn. 

Rates of milk extraction by varying negative pressure were determined 
on eight cows. The rates were ascertained hy suspending the milking ma- 
chine pail from a scale and taking readings every ten seconds. Letdown 
was stimulated by a 15-seeond wash and massage two minutes before the teat 
cups were put on. Comparisons were made of rates of flow at 10, 12, 14, 
■and 16 inches of mercury negative pressure on the line. The rate of piilsa- 
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tions was 50 per minute for all observations. Scale readings were made on 
two successive milkings for each negative pressure level and each level was 
repeated until there were ten milkings for the four levels. 

The rate of flow at each negative pressure level varied markedly with in- 
dividual cows. At ten inches of negative pressure the average rate of milk 
flow per ten seconds ranged from 0.43 to 0.58 pounds, at twelve inches from 
0.50 to 0.68 pounds, at fourteen inches from 0,56 to 0.75 pounds, at sixteen 
inches from 0.66 to 0.84 pounds for the eight cows included in the study. 
The results show increased rates of flow with increases in negative pressure 
within the limits studied. There is not a straight line increase in rate of ex- 
traction with each increase in negative pressure for all cows. This phenom- 
enon is based on two functions of negative pressure; first, increased opening 
of the meatus which varies with different cows ; second, the increased rates of 
flow with increases in negative pressure. 

These data when treated statistically show that the differences in rates 
between the different levels of negative pressure are highly significant. 

PI 7. Studies of Mammary Gland Carbohydrate Metabolism in Vitro. 

C. B. Knout and W. E. Petersen, University of Minnesota, St- 
• Paul, Minn. 

A series of experiments have been conducted in the study of the carbo- 
hydrate metabolism of the mammary glands involving incubation of tissue 
slices and the perfusion of excised mammary glands. It has been possi- 
ble to increase the concentration of tissue glycogen in excised mammary 
glands by perfusion with high concentrations of blood glucose. It appears 
that glycogen can be converted in part to lactose during incubation of the 
previously perfused tissue. In perfusions where the concentration of blood 
glncose was greatly increased up to 5,611 mg. per cent there was not a sig- 
nificant change in the lactose concentration of the milk secreted during 6 
hours of perfusion. 

Lactose was formed during incubation of tissue slices with glucose, 
glucose and lactic acid, maltose, and glycogen. Lactic ^cid was formed by 
incubating tissue alone as well as from added glucose, maltose, glycogen, 
pyruvic acid, and citric acid. Citric acid was formed from glucose, lactic 
acid, pyruvic acid, maltose, and glycogen. Incubating mammary gland 
tissue slices utilize significant amounts of pyruvic acid. 

Introduction of insulin greatly decreased lactose formation by the per- 
fused mammary glands even though a hyperglycemia was maintained dur- 
ing the perfusions. 

[3-hydroxybutyric acid is utilized by mammary gland tissue slices. The 
rate of utilization bears a definite relation to the concentration present. 
Citric acid is not formed in an appreciable amount from (3-hydroxybutyric 
acid during incubation. 
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P18. Pre-Partum Milking. E. A. Keyes, J. J. Reid, S. I. Bechdee, A. A. 
Borland, A. L. Beam, and P. S. Williams, Pennsylvania Agricul- 
tural Experiment Station, State College, Pa. 


Pre-partum milking, or pre-milking as it is more commonly called, in- 
volves tke milking of cows and heifers before freshening*. 

The work at The Pennsylvania State College has been done with special 
note being taken as to the effect on the cow and the bacteriological picture 
of the milk. Fifty-five cows have been on experiment so far. Twenty-five 
have been pre-partum milked 2 to 16 days and the remaining 30 have been 
used as cheeks. Quarter samples are taken on all pre-partum milked cows 
each milking before freshening and at least 4 days after freshening. Quarter 
samples are taken on all cheek cows at least 4 days after freshening. Some 
trends and results are indicated by the following figures. Thirty-one and 
two-tenths pounds milk per day is the highest on any pre-partiim-milked 
cow before freshening to date. 


Range, lbs. milk/milking before freshening 

after “ (4 days) 

Range, % fat in milk before freshening 

after (4 days) 

Range, % total solids in milk before freshening 
^ ^ ^ ^ ^ ‘ ^ after ‘ ^ (4 days) 


Fre-millccd cows 
0.3 to 20.0 
1.0 to 37.5 
0.2 to 11.0 
1.9 to 9.4 
9.46 to 39.05 
10.47 to 25.19 


Not pre-milhed 
2.0 to 35.5 
0.9 to 10.5 
9.92 to 34.75 


The per cent total solids show a great deal of variation until about the 
seventh day before freshening when they become more uniform and grad^ 
ually approach normal at time of freshening. Three days after freshening, 
the pre-partum-milked cows and the non-pre-milked cows average the same 
in per cent total solids. 

The per cent butterfat stays between 4 and 5 per cent from the eleventh 
day before calving. As calving approaches, the per cent fat increases to 
about 5 per cent and stays around 5 per cent for at least 4 days after fresh- 
ening. The non-pre-partum-milked cows average about 4.5 per cent at day 
of freshening and stay just under 5 per cent for at least 4 days after fresh- 
ening. 

The average total pounds of milk for the pre-partum-milked cows starts 
at around a pound a day and increases at the rate of 1 to 2 pounds a day 
until the third day before calving, when it increases at the rate of 5 to 6 
pounds a day. A total of 25 pounds was reached the day of calving. This 
increases to 42 pounds the fourth day after calving. The non-pre-partum- 
milked cows start at 21 pounds the day of freshening and increase to 37 
pounds the fourth day after freshening. 

The carotene in the blood was determined every two days beginning with 
the sixth day before freshening and continuing to the fourth day after fresh- 
ening. The blood contained 0.31 mg./lOO cc. the sixth day before freshening 
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and suddenly dropped to 0.1 mg./lOO cc. the day before freshening. After 
freshening there Avas a rise to 0.25 mg./lOO cc. "when it again dropped to a 
low of 0.03 mg./lOO cc. The milk carotene gave the opposite picture. Start- 
ing at 0.03 mg./lOO cc. and rising to 0.24 mg./lOO cc the day before freshen- 
ing. The day of freshening it increased to 0.4 mg./lOO ec. then decreased, 
reaching 0.1 mg./lOO cc. the fourth day after freshening. 

The bacteriological picture is very interesting. Streptococcus of some 
form has been isolated from every cow whether she has been pre-partum 
milked or not. Alpha and beta streptococcus have appeared most fre- 
quently, with a few gamma. Excessive numbers of leucocytes have been 
found in all cows. The concentration of streptococci and leucocytes has 
been highest in the first milkings. The streptococci gradually disappear 
until 4 days after freshening when they cannot be detected by the regular 
bacteriological tests in most of the animals. During this period the number 
of leucocytes dropped to normal. By special tests with the use of a centri- 
fuge the streptococcus can be detected in all cows at any time, which indi- 
cates they are normal flora of the cow^s udder. When a cow has indurations 
in the udder or has been injured or ill, we have found a greater concentration 
of streptococci in the udder than with cows that appear perfectly normal in 
all respects. 

Pour calves from dams which had been pre-partum milked became ill. 
They had scours and showed signs of general inactivity. Five cc. of ‘ ^ Garo- 
tone’’ (a carotene preparation) administered daily has brought them back 
to normal in 7 days. 

This experiment will be concluded next December. A more detailed 
report and conclusions will be drawn at that time. 

P19, The Use of Simplified Diets in the Study of the Fat Metabolism of 
the Mammary Gland. 0. W. Kaupmann and J. C. Shaw, De- 
partment of Dairy Husbandry y Storrs Agricultural Experiment 
Station^ 8torrSy Conn, 

The effect of certain simplified diets upon the iodine number and Keich- 
ert-Meissl value of milk fat was studied in an attempt to obtain additional 
evidence as to the precursors of the lower fatty acids of milk fat. Diets con- 
sisting solely of skim milk, and corn starch and glucose resulted in an in- 
creased Keichert-Meissl value and a decreased iodine number within 48 
hours. To determine whether the synthesis of the lower fatty acids from 
carbohydrate was direct or indirect, sufficient insulin was injected into fast- 
ing cows to maintain a hypoglycemia for approximately 30 hours. The rate 
of decline of the Reichert-Meissl value did not differ significantly from that 
observed on fasting alone. It is concluded that the decrease of the lower 
fatty acids on fasting is not due to a decrease in the blood-glucose level. 
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P20, Effect of Feeding Cod-Liver Oil by Two Different Methods on But- 
terfat Test.=^ L. A. Moore, G. T. Hoffman, and M. H. Berry, 
Maryland Agricultural Experiment Station^ College Park, Md. 

It has been known for some time that the feeding of coddiver oil to cows, 
causes a depression in butterfat test. This reduction in test is thought to be 
due to the unsaturated fatty acids of the C 20 and C 22 series. It has also been 
noted that other highly unsaturated oils such as soybean oil and corn oil 
may cause some depression in test although the results are at variance. 
When corn oil or soybean oil are fed as corn grain or soybeans, there is nO' 
depression and sometimes an increase in test. 

These differences suggested the possibility that the feeding of an oil, as 
such, so that a large amount of oil would be absorbed within a short period 
of time, was different than where the oil was fed in its original state in the 
seed so that only small portions of oil would be absorbed over a longer period 
of time. This difference might be due to the amount of saturation of the 
unsaturated fats by the animal during digestion and absorption which would 
have some effect on butterfat test. 

Consequently, coddiver oil was fed to two groups of cows by two different 
methods. One group was fed 5 to 7 oz, of cod-liver oil in one dose each day 
for 3 to 5 days. The other group was fed the same amount of oil but divided 
into 12 feedings for each day. 

The results showed that when the oil was fed in one feeding, a marked 
depression of test occurred as has previously been reported. However, when 
the same amount of oil was distributed into 12 separate feedings over the 
24-hour period, generally no such marked depression of test occurred. The 
iodine number was markedly elevated when the oil was fed as one feeding. 
When it was fed in 12 separate feedings, the iodine number was elevated 
but not as markedly as in the previous ease. 

These results wdth cod-liver oil, therefore, indicate that during the diges- 
tion and absorption of unsaturated fats there is some saturation taking place. 
The amount of saturation which takes place depends on the quantity and 
rapidity with which the oil is absorbed which in turn affects the butterfat 
test. If this same principle applies to other oils, it might explain the vari- 
ation of results obtained on butterfat test by other investigators. 

P2L Further Observations on the Ihitiation and Maintenance of Lacta- 
tion in Dairy Cattle.* Ralph P. Reece, New Jersey Agricultural 
Experiment Station^ New Brunswick, N. J. 

Additional attempts have been made to induce and maintain lactation in 
dairy cattle by the administration of hormones. 

* Scientific Paper No. A86a, Contribution No. 1944 of the Maryland Agricultural 
Experiment Station (.Department of Dairy Husbandry) . 

* Journal Series paper of the New Jersey Agricultural Experiment Statioii, Rutgers 
ITiiiversxty, Deixartnient of Dairy Husbandry. 
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A SS-montli-old barren Jersey heifer, 381X, received a total of 273 mg. 
of diethylstilbestrol dipropionate over a 14-week period. She produced 
8,046 lb. of milk and 383 lb. of butterfat in 305 days. At the beginning of 
the 11th month of lactation 381X was producing 16 lb, of milk per day. At 
this time she received four weekly injections of 2 mg. diethylstilbestrol 
dipropionate plus 5 mg. testosterone propionate. Milk production eventu- 
ally declined to 11 lb. per day and then increased to 19 lb. per day. In the 
following six months 381X produced 2,716 lb. of milk. 

A 3-year-old Jersey heifer, 384X, received a total of 273 mg. of diethylstil- 
bestrol dipropionate in 14 weeks. Milking was begun 14 days after the last 
injection and continued for five months. The level of milk production grad- 
ually increased, reached a peak daily production of 16.5 lb., and then declined 
to 12 lb. per day in the fifth month of lactation. 

An Ayrshire cow, 472, that had calved five times was open and dry 
(Apr. 5). She was injected with 5 mg. of diethylstilbestrol dipropionate 
subcutaneously twice weekly for six weeks. Ten mg. and then 20 mg. of 
diethylstilbestrol were injected subcutaneously twice weekly for one week. 
At no time did the udder fill with secretion. Fifteen mg. of diethylstilbestrol 
were injected subcutaneously on July 9, 10, 11, 15, 19, 23, 26, 30, and Aug. 
3 and 7. Milking was started July 20 and the animal reached a peak daily 
production of 17.8 lb. on Aug, 25. 

A 26-month-old Jersey heifer was open and she was injected with 5 mg. 
of diethylstilbestrol dipropionate in conjunction with 5 mg. of tetosterone 
propionate twice weekly for eight weeks. The heifer’s udder made-up’^ at 
the beginning of the fifth week of the injection period and as a result daily 
milking was begun. Following 10 days of once daily milking the heifer was 
put on a twice-daily milking schedule. She attained a peak daily produc- 
tion of 14.8 lb. in the second month of lactation. 

A 4-year-old Jersey heifer that had been through one normal lactation 
was dry and open (July 21). She received 5 mg. of diethylstilbestrol di- 
propionate subcutaneously twice weekly for eight weeks. Ten mg. of diethyi- 
stilbestrol were injected subcutaneously on Sept, 15, 16, 17, 22, 25, 28, and 
Oct. 1, 4, 6, and 8. Even though daily milking was carried out this animal 
never came into milk production. 

P22. The Response of Louisiana Milk Cows to lodinated-Casein Feeding. 

D. M. Seath, Cecil Branton, and A. H. Groth, Lotmiana Agri- 
cultural Experiment Station^ Baton Eouge^ La. 

Two trials have been completed on the feeding of iodinated casein (syn- 
thetic thyroprotein) to lactating Louisiana dairy cows. In the first trial two 
groups of 3 cows each were used under the single reversal design. Group I 
received iodinated casein for a period of 8 weeks and group II for 7 weeks. 
A 1-week preliminary, and a 3-week transition period between tests, were 
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led. Cows were fed 15 grains of the iodinated casein daily. In the second 
ial two groups of 6 cows each were used, one group heing fed iodinated 
Lsein for an 11-week period. 

In the first trial greater yields of milk with a higher percentage of butter- 
it were secured while the cows were being fed iodinated casein. These 
lereases were accompanied by losses in body weight with certain individual 
)ws showing heavy losses, while others were less affected. The iodinated 
a,sein also caused a snbstantial increase in pulse rate and a slight increase 
1 body temperature. Cows used in this trial had been fresh an average of 
3SS than three months prior to the first experimental period. 

The second (continuous feeding) trial used cows that had been fresh an 
verage of 5| months. For the first 6 weeks responses in milk production 
Lue to the iodinated-casein feeding were similar to those in the first trial, 
olio wing which little differences w^'ere shown between the test and control 
groups. Again, there was a great stimulation to pulse rate and a slight 
nerease in body temperature. Body-weight losses were again noted. An 
ittempt was made to prevent excessive losses of weight by periodically vary- 
ng the amount of iodinated casein fed from the original rate of 15 grams per 

1.000 pounds live weight, but only moderate success was achieved. 

In each experiment atmospheric temperatures (as measured by dry and 
wet bulbs) had an apparent marked influence on the body temperatures of 
both test and control cows. This influence was much more marked than was 
the influence of the iodinated casein. For example, in the first trial body 
temperatures of the group on iodinated casein averaged 105° F. at 5 p.m. on 
two days when atmospheric temperatures averaged 93.5° F. Likewise, cows 
not receiving iodinated casein in the second trial averaged 104.6° P. during 
a period of 2 days when atmospheric temperatures averaged 96.5° P. These 
high body temperatures raise the question relative to the advisability of 
feeding compounds such as iodinated casein to Louisiana milk cows during 
the warmer months of the year. 

P23, Studies on the Utilization of Thyroprotein by Ruminants.* C. W. 
Turner and B. P. Reineke, Department of Dairy Hnslandry, Uni- 
versity of Missouri, Golumlia, Mo. 

By the iodination of casein and other proteins rich in the amino acid 
tyrosine (under carefully controlled conditions), it has been found possible 
to produce an intramolecular synthesis of thyroxine, the hormone of the 
thyroid gland. This synthetic thyroprotein has, been shown to increase the 
milk yield and fat percentage when fed to dairy cattle at the rate of 1.5 to 

2.0 gm. per 100 lb. body weight. In comparison with the oral requirements 
of non-ruminant animals, it appeared that thyroprotein was being utilized 
inefficiently by cattle and other ruminant animals. 

* Contribution from the Department of Dairy Husbandry, Missouri Agricultural 
Experiment Station, Journal Series No. 949. 
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As tlie organisms of the rumen are believed to break down food protein 
and synthesize organismal protein, it seemed possible that the losses of thyro- 
protein might be due to the partial breakdown of this protein and its re- 
combination in the organisms in an inactive form. 

In order to study this problem, sheep were selected as assay animals, and 
the loss in average body weight following the administration of the thyro- 
proteiii for a period of 2 weeks was used as an indication of response. 

The results to date indicate that about 5 per cent as much thyroprotein 
is required when administered subcutaneously as when given orally by cap- 
sule. When thyroprotein is suspended in water and administered as a 
drench, twice the oral dose given by capsule is required. A series of sub- 
stances such as stearic acid, paraffin, beeswax, rosin, clarite and vinylite have 
been applied to the particle in order to ‘‘protect’’ the thyroprotein in the 
rumen. Every coating tried so far has reduced the physiological potency 
rather than increased it. 

In order to determine whether the losses occur in the rumen, a permanent 
cannula has been inserted into the abomasum or true stomach of a group of 
sheep. By administering the thyroprotein into the abomasum the entire 
rumen system can be by-passed. However, no difference was noted in the 
effectiveness of thyroprotein given by mouth or directly into the' true 
stomach. From this it is concluded that the apparently low rate of absorp- 
tion of thyroprotein in the digestive tract is not due to inactivation in the 
rumen. 

Thyroprotein has been hydrolyzed with acid to determine whether better 
utilization would be obtained with a predigested product. Preliminary 
trials show that the hydrolysate is about twice as effective as the original 
thyroprotein when given either by mouth or directly into the abomasum. 
Thus the poor utilization of thyroprotein by ruminants may be explained 
in part by its low digestibility in the ruminant alimentary system. 

P24. Studies of Thyroid Physiology by Use of Thiourea and Its Deriva- 
tives* E. P. Reineke, a. B. Schultze, anu C. W. Turner, Uni- 
versity of Missouri, Columbia, Mo, 

It has been discovered recently that formation of thyroxine by the thy- 
roid gland can be inhibited by the administration of thiourea, thiouraeii and 
other thiourea derivatives. This results in a compensatory hypertrophy and 
hyperplasia of the thyroid gland due to increased output of thyrotropic hor- 
mone by the anterior pituitary in response to the induced thyroid deficiency. 
By the administration of thyroxine, thyroid gland substance, or artificial 
thyroprotein, the pituitary thyrotropic hormone can he held in check, and 
the size of the thyroid of thiourea- or thiouracil-treated animals is reduced 

* Contribution from tbe Department of Dairy Husbandry, Missouri Agricnltnral 
Experiment Station, Journal Series Ho. 951, 
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1 proportion to the dosage of thyroidal substance. It is thus possible to 
tudy, without surgical intervention, the effect of either thyroid deficiency 
r thyroid excess on physiological processes such as growth, lactation and 
eproduction. Also, the actual thyroid hormone output can be measured by 
[etermining the amount of thyroxine required to return the thyroid glands 
»£ thiouraeil-treated animals to the normal weight. Thus the effect of such 
;aetors as age, breed, species, sex, diet and environment on thyroid hormone 
mtput can be studied. 

Data are presented to show the effect of thioiiraeil alone and thiouracil 
plus graded amounts of thyroxine on the carbon dioxide output and thyroid 
^land weights of male albino rats. In rats receiving 0.1 per cent thiouracil 
in their drinking water the carbon dioxide output had declined 22 per cent 
and the thyroid gland weight per 100 gms. body weight had increased 117 
per cent at the end of two weeks. When d,l- thyroxine was injected the 
carbon dioxide output increased and the thyroid weight decreased in propor- 
tion to dosage, both reaching normal levels within the range of 3.5 to 4.8 
micrograms of d,l-thyroxme daily per rat. 

Preliminary experiments were conducted on lambs and kids to determine 
the amount of thiourea required to suppress their growth and thyroid secre- 
tion. Varying degrees of growth suppression and cretinism were produced 
in lambs by the injection of 360 to 540 mg. of thiourea daily. The same 
dosage was effective when given orally. Goat kids were given thiourea start- 
ing at approximately one month of age, continued on treatment for 30 days 
and then slaughtered for examination of their glands and general condition. 
Maximum thyroid gland enlargement was obtained on a thiourea dosage of 
360 mg. daily. Inasmuch as many drugs are known to be utilized poorly in 
the ruminant digestive system, it is of particular interest that thiourea ■was 
fully as effective when given orally as by the subcutaneous route. 

Since thiourea and its derivatives will block out th^^roid activity, and it 
had been established previously that an active thyroid is essential for maxi- 
mum milk production, it was expected that thiourea would cause a decrease 
of production in lactating animals. Given orally to seven lactating goats, 
750 mg. of thiourea daily for two weeks caused a 25 per cent decline in milk 
yield. Milk production began to recover by the seventh day after the dosage 
Was stopped and closely approached the initial yield by the end of the third 
week. The application of this new technique to measurement of normal 
thyroid hormone output in dairy cows is discussed. 

P25. The Effect of Pitocin on Milk Lipase. Philip L. Kelly, University 
of Arkansas^ Fayetteville^ Ark, 

The method of lipase analysis used in these studies has been described. 
In the work reported here, the hormone, pitocin, w^as added to series of 
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samples of dried milk to study its ejffect on the milk lipase in comparison 
with similar samples to which no hormone was added. 

With tribntyrin as the substrate eleven series 'were carried out of which 
three were from normal milk, seven were from milk which developed ran- 
cidity and one was of unknown quality. In all but two of these series the 
hormone definitely increased the tributyrinase activity sometimes by almost 
100 per cent. The two exceptions were both produced by the same cow and 
would have produced intense rancidity. In both, the addition of pitocin 
decreased lipase activity. 

With triacetin as the substrate, in two series of normal milk the addition 
of pitocin increased lipolytic hydrolysis. This was also true for one series 
of normal milk samples with tripalmitin as the substrate. 

The three series with ethyl-oleate including 119 individual analyses 
showed different results. In one series in which an unknown quality of milk 
was used, lipase activity was decreased to 10 per cent of its former activity. 
In the two series with normal milk, one showed no differences and in the 
other the lipase activity was increased. 

When butter oil was the substrate the results again varied with four 
series showing increases, three showing decreases and one showing no definite 
difference. The effect of the hormone did not appear to be related to the 
type of milk used. In one of the series showing a decrease, samples of the 
same batch of dried milk showed a definite increase with tribntyrin as the 
substrate. The remaining two series which showed decreases were from the 
same milk as those series which showed decreases in tributyrinase activity. 

In four series either whole or dried milk samples were used with butter 
oil as the substrate. Distillation analyses were compared with the total fat 
analysis to learn whether the hormone had a selective effect on the short 
chain triglycerides. This was found to be true with the volatile fatty acids 
accounting for a large proportion of the changes produced. In one series 
with dried milk the total hydrolysis of the butter oil was not changed, but 
there was an increase in the volatile fatty acids indicating the hormone had 
increased the hydrolysis of some of the triglycerides and apparently in- 
hibited the hydrolysis of others. 

P26. Factors Affecting the Chylomicron Count. Dwight Esfe and C. Y. 

Cannon^ Iowa State College, Ames, la. 

The number of chylomicrons in the blood of calves on grain and hay 
follow an entirely different cycle from that exhibited by young calves fed 
principally milk. The chylomicron count is mneh higher when calves are 
fed whole milk than when skim milk plus an equivalent amount of fat is 
given. 

The number of chylomicrons can be reduced by feeding a watery extract 
of pancreas high in lipase. 
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P27. Morphology of the Teat in Relation to Milking and Trauma. W. E. 

Petersen, C, B. Knodt, and W. L. Boyd, Divisions of Dairy Hus-' 
iandry mul Yeterinary Medicim, University of Minnesota^ St, Fauly 

3£inn, 

Four hundred teats including the gland sinus were obtained from dairy 
cattle, were dissected for gross structures, and 25 representative specimens 
were sectioned and studied microscopically. Great variations were noted 
in structures, either normal or due to pathology, that would affect milking 
by machine. 

The annular fold demarking the gland and teat sinuses varied greatly 
in location and extent. In several eases there were two or three folds. 
Frequently this fold was sufficiently below the floor of the udder to be com- 
pressed by the teat cups so as to completely occlude the passage of milk from 
the gland into the teat. In many eases the fold was above the udder floor 
where compression by the teat cup is not possible. 

Only about 10 per cent of the specimens studied were found to be free 
of pathology that could be detected grossly upon dissection. The pathologic 
findings varied from small inflammatory and fibrotic areas that could not 
be palpated to extensive fibrotic growths that practically occluded the teat 
sinus. In most cases this pathology was located in the upper part of the 
teat sinus and presumably had its origin from trauma produced by milking. 
In several eases pathology in the lower teat sinus could be attributed to 
previous severe trauma to that portion of the teat as evidenced by the find- 
ing of external sear tissue. 

Histological examination revealed accessory secretory glands in the 
upper walls of the teat sinus in nearly all of the specimens and always in 
the gland sinus. These glands varied greatly in size, location in the teat 
and depth in the teat wall. Varying stages of pathology were observed in 
these glands. It is suggested that because of their structure and location 
they are frequently traumatized by milking which fact is a prominent pre- 
disposing factor in mastitis. 

P28. Threshed Peanut Hay as a Roughage for Dairy Cows. A. H. KuhIi- 
MAN AND H. W. Ca\te, Oklahoma A, and M. College^ Stillwater^ OM&. 

The growing of peanuts as an essential war crop in many sections of the 
cotton belt has made available large amounts of cured vines commonly’ 
known as threshed peanut hay. If carefully conserved this by-product of 
the peanut crop can be used satisfactorily as a substitute for other legume 
roughages. ’ ” . ' 

Two ninety-day experiments conducted according to the double reversal 
plan have been completed comparing the value of threshed peanut hay and 
alfalfa hay as roughages for dairy cows. In each trial a very good grade of 
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peanut hay, wMch was of good green color and very leafy, -was compared 
with alfalfa hay of corresponding quality. 

In the first trial in which threshed peanut hay produced in 1942 was 
used the daily hay allowance of each cow was slightly less than 1.6 pounds 
for each 100 pounds of body weight. Alfalfa hay fed at this level supplies 
an amount of total digestible nutrients equivalent to the requirements for 
body maintenance. The concentrate mixture fed in this trial consisted of 
400 pounds ground yellow corn, 200 pounds ground oats, 200 pounds wheat 
bran, 100 pounds cottonseed meal (43 per cent protein) , and 9 pounds of salt. 

Nine cows when fed the alfalfa hay ration on the average produced 
16.44 pounds of milk daily testing 4.25 per cent fat, equivalent to 17.06 
pounds of 4 per cent fat-corrected milk. For each 100 pounds of 4 per 
cent* milk produced they consumed 80.67 pounds of alfalfa hay and 62.03 
pounds of concentrates. "When fed the peanut hay ration these cows on 
the'average produced 16.08 pounds of milk testing 4.36 per cent, equivalent 
to 16.96 pounds of 4 per cent milk. For the production of each 100 pounds 
of 4 per cent milk, 80.65 pounds of peanut hay and 61.03 pounds of concen- 
trates were consumed. 

In the second trial in which hay grown in 1943 wms used, both kinds of 
hay were fed at the rate of 1.8 pounds of hay for each 100 pounds of body 
weight. The concentrate mixture used consisted of 400 pounds ground 
yellow corn, 200 pounds ground oats, 200 pounds wheat bran and 8 pounds 
of salt. Twelve cows when fed the alfalfa hay ration on the average pro- 
duced 31.86 pounds of milk daily testing 3.64 per cent fat, equivalent to 
30.13 pounds of 4 per cent milk. On the peanut hay ration these cows on 
the average produced 32.10 pounds of milk daily testing 3.68 per cent fat, 
equivalent to 30.55 pounds of 4 per cent milk. 

To produce 100 pounds of 4 per cent milk the cows on the check ration 
consumed 61.42 pounds of alfalfa hay and 47.91 pounds of concentrates, as 
compared with 61.04 pounds of threshed peanut hay and 46.36 pounds of 
concentrates on the experimental ration. 

The results of this study show that threshed peanut hay of good quality 
is equivalent in feeding value to alfalfa hay of similar quality. 

P29. The Use of Urea in Commercial Dairy Feeds. W. H. Hastings, 
Lindsey-Botinson (& Co.^ Inc. 

Urease activity in ingredients and silage was tested. Some ammonia 
was liberated after two days when urea wslb mixed with soybean silage. 
Urease activity, probably of microbiological origin, was noted in all silage 
samples after seven days at ordinary temperatures. 

Paiatability of ingredients containing 50 to 60 lb. urea per ton was tried 
with Holsteins, Guernseys and Jerseys. No case of feed refusal, digestive 
disorder or ^‘off-feed” could be traced to the presence of urea. 
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Feeding tests were made on a herd of registered Holsteins. Last year, 
the third eonseeutive year on official test, the herd average was 437 pounds 
of bntterfat and 12,933 pounds of milk. Seven cows were chosen for the 
test group. These were average in age, previous production, and had 
freshened between September and November of last year. The rest of the 
herd received the control ration, which the whole herd had been getting for 
several i^ears. Fifteen cows with an average history of production, fresh- 
ened between September and November of last year, were chosen for record 
comparisons as the control group. Twice a day the eow^s were milked and 
the milk weighed. Official fat tests were used. All silage, hay and grain 
concentrates -were ^veighed at each feeding. 

Urea was added to the grain concentrate in such a proportion that in 
November, 17 per cent of the total protein from hay, silage, and concentrate 
was non-protein nitrogen. In December, 21 per cent of the total protein 
came from non-protein nitrogen. In January, 25 per cent and in February, 
29 per cent of the total nitrogen was from urea. The February ration was 
eontiniied througliont the rest of the test. 

Milk production, bntterfat, milk protein and body w^eight for cows on 
the test group did not vary significantly from the herd average from No- 
vember, 1943, to June, 1944. If urea were not used as a source of protein, 
the cows on the test group were getting 0.5 lb. of protein per day less than 
they required for maintenance and milk production. 

Another group of seven cows wus selected for studying the effect on milk 
production and palatability of changing feeds suddenly. Abrupt changes 
of feeds with and without urea has no effect on milk production or palat- 
ability of feed. 

P30. Corn Silage Made with the Addition of Urea and Its Feeding Value. 
T. B. Woodward and J. B. Shepherd, Bureau of Dairy Industry^ 
Agricultural Eesearch Adminisiration, U. 8. Department of Agri- 
cult ure^ Washington^ D. C. 

Corn silage, made with the addition of 10 pounds of nrea per ton of corn 
ensiled was fed along with low-protein concentrates and hay to a group of 
cows in a single reversal experiment for 100 days. Another group was 
fed similarly except that the urea was mixed with the concentrates instead 
of being ensiled with the corn. Both groups maintained their production 
of milk exceptionally well and the method of feeding urea had no significant 
effect. The cost of urea for these cows, which were producing 4 gallons of 
milk daily was a trifle over 1 cent per cow per day. 

Although the seepage of juice from the silage amounted to 3 per cent 
there was no excessive loss of urea and there was no greater concentration 
of urea in the lower part of the silo. The addition of urea did not reduce 
the losses of dry matter, nitrogen, and carotene in the silo. Moderate addi- 
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tioiis of urea either to the silage or to the concentrates slightly impaired the 
palatability ; heavier additions impaired it still more. 

Ten of the cows were continued on experiment for 40 days to compare 
soybean meal with urea in a grain ration, 100 pounds of soybean meal being 
used to replace 14 pounds of urea and 100 pounds of low-protein concen- 
trates. The decline in milk for the 40 days was 3.2 per cent as against 3.0 
per cent for the preceding 40 days when urea was fed. 

Small silos were filled with corn and heavier additions of urea. A 
Holstein cow ate in 61 days an average of 104 pounds of silage a day con- 
taining 1.17 pounds of urea. A Jersey cow ate in 60 days an average of 58 
pounds containing 0.58 pound of urea. Post-mortem examination revealed 
no evidence of harm to either cow. 

P31. Urea in Sorghum Silage.* Geo. K. Davis, R. B. Beckee, P. T. Dix 
Arnold, C. L. Comae, and Sidney P. Marshall, Florida Agrimd- 
Uiral Experiment Station^ Gainesville^ Fla. 

Sweet sorghum from an experimental planting was ensiled in 4 pilot 
silos, each holding about a ton of silage. Urea, in water solution, was mixed 
with the sorghum at the rates of 0, 10, 30 and 50 pounds of urea per ton in 
the diiferent silos. Temperature changes in two of the silos, those contain- 
ing 0 and 30 pounds of urea, were followed by means of thermocouples. The 
temperature increases were not large and those in the urea silage were 
slightly higher than those of the control. Some temperature differences 
were noted in the silos after opening. Temperature change did not appear 
to be related to urea content of the silage. Crude protein determinations 
demonstrated some migration of the nitrogen in the silos but the loss was 
slight. Urea determinations on silage as it entered the silos and after re- 
moval indicated that comparatively little of the urea was changed. Free 
apimonia was noticed in the silage containing the highest level of urea but 
in none of the other silages. Determination of pH in the silages gave values 
between 3.5 for the control and 7,6 for the 50-pound level of urea. 

Palatability observations were made on the sorghum silages with dairy 
cow^s. The cattle ate the silages containing no urea and 10 pounds of urea 
per ton about equally well followed by that containing 30 pounds per ton. 
The 50-pound-per-ton level of urea caused this silage to be refused entirely 
until much of the free ammonia had disappeared from it. 

P32. Urea-Treated Corn Silage vs. Untreated Corn Silage as a Feed for 
Lactating Dairy Co-ws. G. H. Wise, J. H. Mitchell, J. P. 
LaMaster, and D. B. Roderick, Clemson Agricultural College, 
Clemson College, 8. C. 

This is a report of a preliminary study designed to determine the feeding 
value of corn silage treated with urea in aqueous solution, two pounds of 

* Published with the approval of the Director of the Plorida Agricultural Experiment 
Station. 
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crystals (46 per cent nitrogen) per gallon of solution. This was added at 
the cutter at the rate of five gallons per ton of fresh ensilage material. Tap 
water was added to the control silage in the same volume as the urea solution 
was to the experimental silage. 

The urea corn silage was of fair quality, possessing a slightly earmelized 
odor and a brownish color. There was no free ammonia, as detected by the 
sense of smell, except in the spoiled surface layer at the top of the silo. 

Temperatures at the center of the silos, from 24 to 28 inches below the 
surface of the silages, were the same for the treated and the untreated. The 
sub-surface temperatures were different but variable and inconsistent. The 
significance of these variations has not been established. 

As indicated by conventional feed analysis the only notable difference in 
the dry matter content of the fermented silages was in the ‘‘crude protein,^’ 
which was 10.79 per cent for the treated and 7.48 per cent for the untreated. 
Average carotene values per gram of dry matter were 11.50 micrograms and 
36.58 micrograms for the treated and untreated, respectively. The corre- 
sponding pH values were 4.3 and 3.6. 

The palatability of the two silages and their comparative effects on caro- 
tene values of the milk, on milk production and on the weights of the cows 
were investigated by means of a double reversal feeding trial, which was 
conducted over three 42-day periods using two groups of 11 cows each. The 
xespective silages, which were the only roughages in the rations, were fed 
slightly in excess of the amounts the individual cows consumed. The con- 
centrates, fed at the same level in both groups, were adjusted according to 
the milk production of all the cows in the test. 

The palatability of the treated silage was somewhat low; the average 
daily consumption per cow was 52.5 pounds (15.5 pounds of dry matter) ; 
whereas that for the untreated was 60.0 pounds (16.9 pounds of dry matter) . 

The effects of differences in the carotene values of the silages were re- 
•flected in the carotene concentrations of the milk ; the average per liter of 
four per cent fat-standardized milk was 153.5 micrograms for the treated 
- and 258.6 mierograms for the untreated. 

The productive values of the two silages were similar. The average 
daily production of four per cent fat-corrected milk per cow was 24.7 pounds 
for the treated and 24.5 for the untreated. The average total gains in weight 
per cow for the trial were 43 pounds for the treated and 56 pounds for the 
untreated. 

These data indicate that treating corn silage with urea does not improve 
the over-all feeding value of the resulting silage. 

P33. The Minimum Protein Requirements of Young Holstein Calves. 
L. T. Harris and J. K. Loosu, Laboratory of Animal Nutrition^ 
Cornell University y Ithaca^ N, Y, 

Calves were reared to eight weeks of age according to the whole milk-dry 



THIRTY-KINTH ANNUAL MEETING 


651 


starter system used by Savage and Associates. From tbe eighth to the six- 
teenth week they were fed diets containing 8.3, 11.7, 15.2, and 18.8 per cent 
crude protein (dry basis). Nitrogen balances were run on the males at 
approximately the tenth and fifteenth week. The diets included only plant 
proteins and were balanced in energy, fat, calcinm and phosphorus content. 

Heifers fed the 18.8 per cent protein diet ad libitum were slightly larger 
than normal (Eagsdale) . Diets containing 15.2 and 11.7 per cent of protein 
permitted a growth rate slightly below normal. Bull calves on a somewhat 
limited intake of food w'ere all below normal in rate of gain. There was no 
apparent difference in the gains of the males I'eceiving diets containing 18.8 
and 15.2 per cent protein. The diet with only 8.3 per cent protein gave 
very poor growth. 

About the same amounts of nitrogen were stored by calves fed the diets 
containing 15,2 and 18.8 per cent protein but the other two diets gave appre- 
ciably less storage of nitrogen. Endogenous and metabolic nitrogen de- 
termined on some of the calves when they averaged 97.2 kgm. in weight and 
137 days of age, were 0.041 gm. per kgm, (1.999 gm. per M-) and 0.372 gm. 
per 100 gm. dry matter consumed, respectively. 

P34. Studies on Carotene Conversion in the Young Calf. Norman S, 
Lundquist and Paul H. Phillips^, University of Wisconsm^ Madi- 
son, Wis. 

Calves fed beta carotene as the only source of vitamin A from birth failed 
to survive in 75 per cent of the cases, whereas those fed vitamin A failed to 
survive in only 40 per cent of the cases. Wlien vitamin A per se was fed, 
blood plasma levels of 9 to 11 mierograms per 100 ml. were reached in 8 to 
10 days, whereas with carotene these levels were not reached until the 20th 
day. Blood plasma levels were maintained in the calves receiving either 18 
or 90 mierograms per kg. body weight of vitamin A. Calves getting vitamin 
A per se did not reach plasma carotene levels above 4 mierograms per 100 
ml. during the 4 weeks of the experiment. Calves fed the carotene showed 
a concentration of 11 mierograms per 100 ml. during the first week, after 
which a rather wide variation occurred with a maximum of 17 mierograms 
per 100 ml. blood plasma. 

There was no observable difference in blood-plasma ascorbic adid between 
the groups. The blood-plasma vitamin-C curve was nearly identical to that 
reported earlier for calves on a skimmilk diet and getting vitamin C per os. 
Administration of 2 grams daily of suecinyl sulfathiazole had a slight effect 
in maintaining higher blood-plasma ascorbic acid during the first week. 
Blood-plasma ascorbic acid levels of calves at death was 0.49 mg. per cent, 
indicating death was not due to an active infection- However, all calves 
which died had 5 mierograms or less of vitamin A per 100 ml. blood plasma 
at death. 
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P36. The Effect of Sulfa Drugs and Immunity Development Upon Blood- 
Plasma Vitamins A and C in the Young Bovine. Norman S. 
Lundquist and Paul H. Phillips, University of Wisconsin, Madi- 
son^ Wis, 

During the first two weeks of the life of the newborn calf, succinyl snlfa- 
thiazole, when fed at the low level of 2 grams per clay, resulted in higher 
blood-plasma ascorbic acid levels than in untreated calves. This drug did 
not appear to have any effect on blood-plasma vitamin-A or carotene levels. 
Sulfapjuudine or succinyl sulfathiazole had no effect in increasing blood- 
plasma ascorbic acid above normal in young Holstein heifers. Sulfathiazole, 
however, caused a very definite increase. This effect was somewhat similar 
to that caused by the feeding of chlorobutanol. 'When the latter two drugs 
were given consecutively, a marked reduction in blood-plasma ascorbic acid 
occurred. The addition of sulfathiazole or succinyl sulfathiazole to the diet 
did not interfere with the destruction of vitamin C in the rumen, since no 
increased effect was noted in blood plasma levels, even when this vitamin was 
also fed. 

Blood-plasma ascorbic acid and vitamin-A levels were temporarily re- 
duced by calf hood vaccination, irrespective of additions of these vitamins 
to the normal diet. A rise in rectal temperature followed closely the drop ^ 
in blood-plasma ascorbic acid. The leucocyte count which increased on the 
day following inoculation returned to normal in five days. Differential 
count showed that the neutrophiles were increased, the Ijunphocytes de- 
creased, and monocytes and eosinophiles not materially affected. The calves 
when vaccinated were normal with respect to vitamin nutrition and did not 
develop deficiency sj^mptoms. 

P37. The Use of Stored Colostrum to Replace Marketable Milk for Calf 
Feeding. N. N. Allen, Vermont Agricultural Experiment Station, 
Burlington, Vt. 

Milk is one of the most expensive items in the feed cost of raising calves, 
even if the amount fed is kept at a minimum, and in aggregate this accounts 
for a large volume of milk. "With present high prices and wartime demands, 
this takes on additional aspects of importance. 

Colostrum is unmarketable and is usually produced in excess of the im- 
mediate needs of the calf. This surplus is often wasted or used to poor 
advantage. If it could be held until needed, it has possibilities in replacing 
salable milk for f ceding calves beyond the age of normal colostrum feeding. 

It has repeatedly been shown that colostrum may be stored in frozen condi- 
tion without seriously affecting its nutritional properties. Because of its 
bulk, the cost is relatively high if artificial refrigeration is used. In the 
northern parts of the country natural refrigeration may be used during the 
winter months. In the New England area a large portion of the cows are 
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bred to freshen during the months -when winter temperatures permit freez- 
ing and frozen storage without mechanical refrigeration. On most farms 
in this area less than a third of the calves are raised and if the total colostrum 
production were utilized, it might replace most of the milk now used for 
calf feeding. 

At the Vermont Experiment Station, some of the practical possibilities 
of using colostrum for this purpose are being studied. 

Three plans have been followed and compared. Under one plan, the 
calves serving as a control group received the fresh eolostriini or milk from 
their dams as produced during the first ten days. Under the second plan, 
the calves received colostrum stored in frozen eoiiclition, during the first ten 
days. After ten days, the calves of both groniis received fresh mixed milk 
from the herd until 24 days of age when they were changed (with a three- 
day transition period) to skimmilk which was fed until they reached 63 days 
of age. 

Under the third plan, the calves received stored colostrum, with no other 
milk until 63 days of age. 

No serious digestive disturbances oeeurrecl in any of the calves. The 
calves of all three groups made very satisfactory gains. The control group 
lost weight between the second and fourth days, probably due to the change 
in composition of the mothers’ milk at that time, while the colostrum-fed 
groups did not. As a result, the growth curve of the control group was 
slightly below that of tlie eolostrum-fed groups after the second day, but 
the rate of gain was essentially the same. The calves receiving colostrum 
throughout the milk-feeding period were fatter and sleeker of coat, showing 
the characteristics of whole-milk-fed calves. Two slaughtered at 9 weeks of 
age showed good finish, and made veal of very good quality. 

Some of the colostrum fed had been in storage for over a year. During 
the winter months colostrum was frozen and stored for periods of more than 
two months without artificial refrigeration. It was shown cleaiiy that colos- 
trum stored in frozen condition is entirely satisfactory as a substitute for 
marketable milk for feeding calves during any part of the milk-feeding 
period. 

P 38 . Experiences with the Forage Harvester in Making Grass Silage. 

C. P. Monroe, Beparhnent of Dairy Industry, Ohio Agrimltural 
Experiment Station, Wooster, Ohio, 

For the past two seasons a forage harvester* has been used to cut and 
chop green material in the field for grass silage. This machine can chop the 
material as it stands in the field or after it has been allowed to partially dry 
in the windrow or swath. The experimental w^ork has been concerned 
chiefly with ensiling the crops without wilting. Since such material may 

* In cooperation with the Allis-Ohalmers Co., Milwaukee, Wis. 
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contain an excess of moisture, emphasis has been placed upon the use of dry 
matter iiicreineiits, siicdi as ground shelled corn, ground ear corn, and beet 
pulp. With these treatments acceptable grass silage has been made using 
the forage harvester. For measimng the quality of the silage, palatability 
trials have been conducted with dairy cows and heifers, beef cows, and also 
sheep. The forage harvester oifers a nieans of reducing the labor and 
irksomeness of making grass silage. 

P39- Development and Use of the Barn Haydrier. C. E. Wylie, Ten- 
nessee Agricultural Experiment station, Knoxville^ Tenn.^ and 
John A. Schaller, Agricultural Engineer^ Tennessee Talley 
Autlioriiij. 

For several years agricultural workers have realized that a limiting factor 
in the production of high quality hay in the southeast is the difficulty of 
curing it. With about 50 inches of rainfall a year, the southern states have 
some of the nation's best hay growing weather and some of the worst hay ' 
ciTRiNG weather. 

Through several years of research, beginning in 1935, a method of barn 
curing of hay was developed jointly by the Tennessee Valley Authority and 
the Tennessee Agricultural Experiment Station, involving low first cost and 
low operating cost to complete the curing of hay in the barn after taking 
advantage of several hours of field curing. The University of Georgia 
conducted studies from 1937 to 1940 on the adaptation of this method to the 
climatic and operating conditions in Georgia. Virginia Polytechnic Insti- 
tute began similar studies in 1939, which also covered the use of artificial 
heat. 

Briefly, the hay drier consists of specially constructed air ducts on the 
ha 3 nnow floor. Partially dried hay (40 to 50 per cent moisture content) 
from the field is stored as usual over the air ducts. A blower or fan, either 
the centrifugal or propeller type driven by an electric motor or gasoline 
engine, connected to the air ducts underlying the hay, forces air up through 
the hay and removes the moisture. 

Past experience has definitely shown that with a barn haydrier a farmer 
can do two things: (1) eliminate some of the weather risk in haymaking and 
(2) make a superior quality of hay with a total cost of $1.40 to $1.65 per ton. 

Quality studies show baxm-dried hay to he consistently better by at least 
one grade than similar field-dried hay. The price differential on the south- 
ern markets between U. S. No. 1 and U. S, No. 2 range from $2.40 to $3.00 
in peacetime and is even greater during wartime. The gain then to the 
farmer would be $1.00 to $1.50 per ton of hay plus the gain in weight of hay. 

Feeding trials with barn-dried hay have been conducted at the Tennessee 
Experiment Station with dairy cattle and other livestock. In general, more 
attention has been given to developing and improving the method of drying 
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the hay than to checking the feeding value of the hay. The improvements 
in the method of drjdng have been rapid from year to year and still are sub- 
ject to further improvement. 

During wartime when protein feeds are scarce and every ounce of feed- 
ing value in the ha}” should be saved, the impoi’tanee of the barn haydrier is 
even greater. The War Production Board has allocated materials for 300 
installations this season in the Southeastern states in addition to materials 
for other states. 

P40. Congenital Muscular Contracture and Ankylosis in Jersey Cattle* 
A. A, Spielman, 0. J. HiLii, and E. C. McCuLiiOCH^ State College 
of W asliingtoriy Pullman^ Wash. 

The occurrence of a large number of calves with congenital deformities 
in several registered Jersey herds of similar breeding is being investigated. 
To date, records of 69 eases have been aecumulated. 

Although considerable variation occurs in the appearance of these anom- 
alies, both lethal and sublethal, the gross manifestations appear to be 
varying degrees of muscular contracture and ankylosis. Deformities of the 
extremities, mainly the forelegs, are characteristic of all the eases. In addi- 
tion, some of the abnormal calves have a wry neck, flexure of the spinal 
column and incompletely developed palate. The extent of these deformities 
in many cases caused severe dystocia, necessitating either dismemberment 
or Caesarian delivery. 

A fairly close degree-inbreeding of identical bloodlines has been prac- 
ticed in all the herds where these abnormalities have been observed. Al- 
though the malformations observed in these eases are similar to the muscular 
contracture condition described by Loje, Williams and Hiitt as being hered- 
itary, final etiological judgment is withheld until further investigation 
because unfavorable prenatal nutrition and environment may also cause 
congenital deformities, 

P41. The Optimum Emphasis on Dams’ Records when Proving Dairy 
Sires, Jay L. Lush, loiva State College, Ames, la. 

Nearly all proposals for evaluating the proof of dairy sires are special 
forms of the general equation I = a e(X-bY) in wdiich I is the index or 
other measure of the bull’s breeding value, X is the average production of 
his daughters, Y is the average production of the dams’ of those daughters 
and a, h and e are constants which define the kind of index being used. 
This paper shows what value of I will make the correlation between I and 
the real breeding valne of the sire as high as it can possibly be for any index 
of the general type described by the above equation. If the sire’s breeding 
value is not correlated with Y, the optimum value of 1) is the regression of 
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X on Y wliieh is between 0.5 and 0.6 in most dairy data as actually used for 
proving sires. If tiie sire ’s breeding value is slightly correlated with Y, as 
might result from assertive mating, the optimum value of 5 is a little smaller 
than this regression of Y on X. The widely used ‘ ^ intermediate' ’ or ^ ^ equal- 
parent" or ^'modified Mount Hope" index uses 0.5 for h. 

The values of a and c do not affect the accuracy of the index but may 
make it easier or harder to understand, more susceptible or less susceptible 
to misinterpretation, etc. Changing c will expand or contract the varia- 
bility of the index. Changing a will affect only the general level or average 
of the indexes. The most satisfactory value for c is that which will make 
the indexes of sires about as variable as either (1) the records of cows or 
(2) the most probable breeding values of the sires. There are some argu- 
ments in favor of each of these alternatives. 

P42. Comparison of the Incidence of Udder Infection in Two Cow Fami- 
lies. James M. Murphy, K. 0. Ppau^ 0. L. Lepard, and J. W. 
Bartlett, New Jersey Agricultural Experiment Station^ New 
BrunswicJCy N. J, 

The occurrence of udder infection was studied for a period of six years 
in two cow families living under the same conditions in a herd of 60 milk- 
ing cows. The one family was composed of the dam (283), three daughters, 
and two granddaughters. The other family was composed of the dam 
(247), four daughters, and two granddaughters. Of the former family, 
seventeen lactation periods were studied : four first, four second, three third, 
three fourth, and three fifth. Of the latter family, eighteen lactation 
periods were studied: five first, four second, three ihird, three fourth, one 
fifth, one sixth, and one seventh. 

In evaluating the incidence of infection, a system was devised ■whereby 
the infection present in each quarter could be stated in terms of the per- 
centage of the lactation period during which it was present. By this 
method it was found that family 283 was infected with streptococci during 
23,9 per cent of its milking time and by staphylococci during 39.3 per cent 
of its milking time. The total incidence of infection was 63.3 per cent. 
Family 247, on the other hand, was found to be infected with streptococci 
during 0.9 per cent, and with staphylococci during 10.9 per cent, of its milk- 
ing time. The total incidence of infection was 11.8 per cent. 

The mastitis history (considered entirely separately from infection which 
was determined baeteriologically) of the two families was judged by periodic 
leucocyte counts of strict foremilk, daily strip-cup examination of foremilk, 
and periodic physical examination of the udders. Family 283 showed a 
leiieoeyte content of 500,000 or more per ee. in 179 (42.1 per cent) of 425 
samples of strict foremilk, shelved the presence of fllakes or more marked 
alteration of the secretion at 454 daily strip-cup examinations, and averaged 
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No. 3 by the Udall system of udder physical examination. Family 247 
showed a leucocyte content of 500,000 or more per cc. in 55 (10.3 per cent) 
of 536 samples of strict foremilk, showed the presence of flakes or more 
marked alteration of the secretion at 192 daily strip-cup examinations, and 
averaged No. 2 by the Udall system of udder physical examination. 

P43. The Effect of the Oral Administration of Chloretone to Bulls on the 
Fertility of the Semen Produced. Irvine Elliott, Cornell Uni- 
versity^ Ithaca^ N, Y. 

Six mature bulls, 3 Holstein and 3 G-uernsey, all in active service through 
artificial insemination, were fed 5 g. daily doses of Chloretone.” The bulls 
were not ^^slow breeders” but had been producing semen low in spermatozoa 
concentration, percentage progressive motility, and fertility. 

The Chloretone” was fed for 8 days, discontinued for one week, and 
again fed for 21 days. The level of ascorbic acid was increased as much as 
100 per cent in the blood plasma of the bulls following treatment. The 
ascorbic acid content of the semen was also increased, but no other effect on 
semen quality was noted. 

P44. Storage of Bovine Spermatozoa in Diluents Containing Certain 
Amino Acids (Progress Report). C. E. Knoop and W. E. Krauss, 
Ohio Agricultural Experiment Station, Wooster, Ohio. 

The accumulation of laboratory and breeding data has shown that the 
^g’^-yofi^-^elatin buffer diluent for bovine spermatozoa is reliable for main- 
taining fecundity of aA^erage to excellent quality spermatozoa after 6 to 14 
days in storage. Sperm cells stored in this diluent maintained an average 
of 20 per cent more living cells after 8 to 10 days than when no gelatin was 
used. An attempt is noAV in progress to explain this difference by first re- 
moving the gelatin and adding some of the major amino acids found in 
gelatin. Criteria used to date have been hydrogen ion content, motility 
rating, and breeding record. 

The first tivo amino acids studied haA^e been glycine and proline plus 
hydroxyproline because they represent 25.5 and 23.6 per cent, respectively, 
of gelatin protein. The hydrogen ion content of the buffered portion of the 
amino acid diluents was approximately 7.20 pH and of the completed diluent 
approximately 6.30 pH. 

Results shoAV that a high percentage of living sperm cells was maintained 
in storage for 2 weeks in a buffered portion of diluent containing 1.09 per 
cent of glycine or ^U”-proline, 0.2 per cent sodium phosphate, and 0.08 per 
cent potassium phosphate mixed Avith an equal volume of fresh egg yolk. 
On the average, the amino acid diluents maintained 36 and 49 per cent more 
living cells after 12 days in storage than did the egg-yolk-gelatin and egg- 
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yolk diluents, respectively. The rate of motility also remained good in two- 
thirds of the diluted samples containing glycine or “T ’-proline. 

P45. Recent Observations on the Preservation of Bull Semen. Henry 
A. Lardy and Paul H. Phillips, TJniversiiy of Wisconsin, Madi- 

. son^ Wis. 

Gliemieal studies on tlie phosphorus partition of bull spermatozoa indi- 
cates that adenosine triphosphate (or a chemically similar compound) is 
present in hull spermatozoa in appreciable quantities. The enzyme adeno- 
sine triphosphatase which breaks down adenosine triphosphate to adenylic 
acid and inorganic phosphorus is likewise present. A second enzyme has 
been separated from the adenosine triphosphatase by. acetone treatment and 
has been shown to be specific for the hydrolysis of adenosine-5-phosphate 
yielding inorganic phosphorus. These results indicate a great similarity 
ill the enei'gy metabolism of striated muscle and spermatozoa, and attempts 
have been made to apply this knowledge to the storage of semen for artificial 
insemination. 

When methods of arresting muscle contraction were applied to spermato- 
zoa the results were variable. Attempts at ion displacement of the acti- 
vators of adenosine triphosphate did not result in inactivation of the sper- 
matozoa. The only procedure which was found to allow reversible inacti- 
vation of the spermatozoa was treatment with fluoride. Some specimens 
could be inactivated for periods up to 7 days and following centrifuging and 
dilution of the spermatozoa with fresh yolk-buffer vigorous motility -was 
resumed. 

The relation of the enzyme hyaluronidase to fertility of bull semen has 
also been investigated and will be discussed. 

P46. Further Studies of the Effect of Dilution Rate on the Fertility of 
Bull Semen Used for Artificial Insemination. G. W. Salisbury,, 
Irvine Elliott, and N. L. VanDemark, Cornell TJnwersity^ Ithaca, 
A. r. 

In a continuation of studies previously reported (Jour. Dairy Sci., 26: 
1057-1069, 1943) an investigation has been made into the effects of increased 
dilution of bull semen upon its fertility when used for routine artificial in- 
semination. When insemination was made deep into the uterus with 1.0 cc. 
or less of diluted semen no difference in fertility was found between dilution 
rates of 1 part of semen to 8, to 12, to 16, to 24, or to 50 parts of the yolk- 
citrate diliiter. No difference in quality was found for the semen used at the 
several dilution rates as indicated by spermatozoa eount, initial motility, and 
methylene blue reduction time. No semen was used which contained less 
than 1,000,000 spermatozoa per mm.® or which exhibited less than 50 per cent 
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of actively motile spermatozoa. "Witli the highest rate of dilution^ 1 : 50^ 
about 26 million spermatozoa were used per insemination. 3^296 insemina- 
tions were made during the investigation. 

P47. Conception Rate in Dairy Cattle by Artificial Insemination at Vari- 
ous Intervals Before and After Ovulation. G. W. TrimbergbRj 
Universitif of Nelraska^ Lincoln^ Nebr, 

A total of 132 females of the Ayrshire, Jersey, Guernsey, and Holstein 
breeds in the University of Nebraska dairy herd were checked at two-hour 
intervals during and following the heat period to determine the end of estrus 
and time of ovulation on the average within a time interval of one hour or 
less. Females were considered in heat if complacent when mounted and 
the time of ovulation was determined by palpation of the ovaries per rectum 
through the intestinal wall. The rupture of the follicle on the ovary indi- 
cated ovulation. 

The females were bred at various time intervals before and after ovula- 
tion to determine the effect of this factor on breeding efficiency. Services 
before ovulation were grouped as follows : More than 24 hours before rupture 
of the follicle, from 19 to 24, 13 to 18, 7 to 12, and 6 hours or less before 
owlation. Three groups of females were bred after ovulation with 20 in 
each one of the following groups : 2 hours or less after ovulation, 6 hours, 
and 12 hours after rupture of the follicle. All services were by artificial 
insemination -with semen of high quality from hulls with a good breeding 
record. Semen samples used were stored from one to three days or more 
as is a common practice in cooperative artificial breeding associations. For 
these instoinations 0.25 ce. of semen diluted 1 : 3 with egg-phosphate buffer 
or a total of 1 cc. diluted semen was used and the semen was deposited in the 
uterine horn on the side where the ovary had developed the follicle. 

Under practical conditions when the females were observed three times 
daily the duration of estrus had a range from 2-| to 28 hours and averaged 
16.92 hours (86 cow^s averaged 17.77 hours and 46 heifers averaged 15.33 
hours). Ovulation time after end of estrus had a range from 3 to 18 hours 
with an average of 10.49 hours (86 cows averaged 10.66 hours and 46 heifers 
averaged 10.16 hours). 

Breeding efficiency, from one insemination, of the females in the various 
groups is tabulated below : 


Time of breeding 

More than 24 hours before ovulation 

Erom 19 to 24 hours before ovulation .. 
Erom 13 to 18 hours before ovulation . 

Erom 7 to 12 hours before ovulation 

Six hours or less before ovulation 

Two hours or less after ovulation 

Six hours after ovulation 

Twelve hours after ovulation 


No. 

Concept ims 

females 

No. 

% 

15 

S 

53.33 

15 

11 

73.33 

14 

12 

85.71 

14 

11 

78.57 

14 

8 

57.14 

20 

6 

30.00 

20 

8 

40.00 

20 

6 

30.00 
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Altlioiigli tiiere are no significant statistical differences among the groups 
bred before oinilatioii, there is a trend toward a higher rate of conception in 
females bred from 6 to 24 hours before ovulation, ■which coincides with a 
previous study in which the highest rate of conception was obtained in the 
middle and toward the end of the- heat period. A total of 72 females were 
bred in the varioiis groups before ovulation and 50, or 69.44 per cent, con- 
ceived. Only 20, or 33.33 per cent, of the 60 females bred 12 hours or less 
after ovulation conceived, and this indicates that the bovine ovum in many 
cases remains fertile only a relatively short time after ovulation. 

To provide information useful for breeding cows in cooperative artificial 
breeding associations, the females were tabulated as to the time estrus was 
first observed. Eighty-one, or 61.36 per cent, of the females were in heat 
ill the forenoon and 51, or 38.64 per cent, were first observed in heat in the 
afternoon. Females observed in heat in the forenoon averaged 15.57 honrs 
for duration of estrus as compared to 19.07 hours for females first observed 
in heat during the afternoons. The latter represents about the normal time 
for the heat period, for the females in this group were detected soon after 
the start of estrus. The time heat was first observed was then compared 
with the time of ovulation on the following day. Breeding results can be 
predicted based on the assumption that females bred before ovulation have 
a good chance for conception and those bred after ovulation will have a poor 
conception rate. The practical question involved is what conception rate 
can be obtained in cows bred the day following estrus if these inseminations 
are either in the forenoon or in the afternoon. Eesults from 81 cows in heat 
in the forenoon indicated that 31, or 38.27 per cent, had ovulated before 
8 : 00 a!m. the next day.* Another 16, or 19.75 per cent, ovulated during the 
forenoon and 30, or 37.04 per cent, ovulated during the afternoon. Only 4, 
or 4.94 per cent, ovulated after 6 :00 p.m. of the day following estrus. 

Among the 51 females which -v^ere first observed in heat in the afternoon, 
none had ovulated before 8 : 00 a.m. the next morning and only 2, or 3.92 per 
cent, ovulated during the forenoon. Seventeen, or 33.34 per cent, ovulated 
in the afternoon before 6 : 00 p.m. and 32, or 62.74- per cent, ovulated after 
6 : 00 P.M. 

Since breeding efficiency is high for females inseminated before the fol- 
licle is ruptured and low for those bred after rupture of the follicle, the 
females in heat during the early forenoon should be bred on the same day. 
Females coming into estrus in the afternoon can be bred any time during the 
following day with good results, but there is some advantage to breeding 
such cows in the forenoon or early in the afternoon. If a farmer in a co- 
operative breeding association carefully observes his cows, he can report 
females in heat in the forenoon for service on the same day, and those which 
come in heat in the afternoon can be reported the next morning and bred 
during the forenoon or early afternoon with good results. 
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P48. The Methylene Blue Reduction Test and Its Relation to Other Mea- 
sures of Quality in Bull Semen. 6. W. Salisbury^ Ernest Mee- 
ciER;, AND N. L. VanDemark^ Cornell University, Ithaca^ N. Y. 

In an experiment iiiTolving 116 separate ejaculates of^ bull semen the 
correlation between the methylene bine reduction test (Jour. Dairy Sci.j 26 : 
483-494. 1943) and several other characteristics concerned in measuring 
semen quality was determined. Correlations -were calculated using indi- 
vidual ejaculates so that the results would be applicable for prediction with 
respect to any single semen sample. The semen ejaculates in the study 
represent collections from 39 individual bulls during 6 different months 
throughout the year. Marked differences w’ere found in the degree of asso- 
ciation between certain characteristics at the various seasons represented. 

The measured characteristics which were not significantly correlated 
with the methylene blue test included the proportion of abnormal spermato- 
zoa, the ascorbic acid, glucose, and lactic acid levels of fresh semen, and the 
glucose loss in diluted semen stored 10 days at 5° G. The test was signifi- 
cantly correlated with pH in a positive direction and with volume in a nega- 
tive direction. 

However, the methylene blue test held a highly significant negative corre- 
lation with livability, glucose loss, and lactic acid gain in diluted semen after 
an hour^s incubation at 46.5® C. Similar highly significant negative corre- 
lations also were found with livability and lactic acid gain in diluted semen 
stored for 10 days at 5® C. The high degree of association between the 
methylene blue reduction time and the products involved in glycolysis, the 
original count and motility, as well as its close relationship ■with livability 
indicates that the test is actually a rapid method of measuring the potential 
ability of spermatozoa to continue glycolysis and live. 

P49. The Effect of Pregnancy on the Body Weight of Dairy Cows. D. 

N. Putnam and H. 0. Henderson^ University of West Virginia ^ 
Morgantown, W. Va. 

Normal growth curves have been developed for all the breeds of dairy 
cattle. These are usually measured by the weight of the animals and by 
the height at withers. While pregnancy does not greatly affect the height 
of withers it does affect the weight of the animals. After the animal is 
bred the weight curve takes an upward turn, and this curve is no longer 
a measure of the growth, but includes also the weight of the fetus and ac- 
companying material, including the fetal membrane and amniotic fluid. 

To deterpiine how much this curve was affected by pregnancy a study 
wras made at the West Virginia Agricultural Experiment Station with 56 
normal Ayrshire females that had calved at least three times. The same 
animals were used throughout the study. The average age for first calving 
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was 32 months; for second ealving, 46 months; and for the third ealving, 59 

montlis. 

The following results were observed: (1) The body, weight shows a 
definite pattern for increase as the stage of pregnancy advanced. (2) The 
gain in weight over and above normal weights was not great before the fifth 
month of pregnancy. From 75 to 85 per cent of the gain came in the last 
four months of pregnancy. (3) The gain in weight from month to month 
was much more uniform with first calf heifers than with the older animals. 
This was probably because the heifers were still growing and not producing 
milk. (4) In every ease, the animals gained less on the average during 
the eighth month of pregnancy than they did in the preceding and following 
months. (5) The animals in the last month of pregnancy were on the 
average 139 pounds heavier than open heifers of the same age. During 
the first pregnancy they were 115 pounds heavier ; the second pregnancy, 
147 pounds heavier ; and the third pregnancy, 155 pounds heavier. 

PSO. Factors to Consider in Long-Distance Shipping of Semen."^ H. A. 

Herman and Eric W. Swanson, University of Missonr% Columbia, 

Mo, 

The shipping of dairy hull semen to distant points occupies an important 
place in fully utilizing sires of superior breeding for artificial insemination 
purposes. There are three very important factors affecting the success of 
long-distance semen shipping: (1) A sire capable of producing spermatozoa 
with an inherent capacity for long-time survival under storage conditions ; 
(2) proper handling and packaging of the semen in a container which will 
maintain temperatures of 35 to 50® P. until delivery; and (3) proper evalu- 
ation and use of the semen upon arrival at its destination. 

The capacity of semen to withstand storage is usually one of the limiting 
factors affecting the success of this program. At least 40 per cent of the 
sires studied at the Missouri Station have yielded semen unsatisfactor}^ for 
shipment to distant points, though many such bulls would be satisfactory 
if the semen was utilized within 6 to 20 hours. In a study of 475 insemina- 
tions using stored semen it was found that as viability of the sperm in- 
creased the conception rate increased until 68 per cent of the inseminations 
with the most viable semen resulted in conception, A highly significant 
linear correlation (0.84) was found between viability of sperm in storage 
and their ability to produce fertilization. The motility rating of semen 
may give a good insight into its capacity to produce eoneeption, and in 565 
conceptions an index of correlation of 0.97 was obtained. The difference in 
conception rate between semen rated 3 motility (45 per cent or more pro- 
gressively motile sperm) and higher grades of motility was slight. Semen 

* CoBtribiition from the Department of Dairy Husbandry, Missouri Agricultural 
Experiment Station, Journal Series No. 953. 
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containing less than 20 to 45 per cent progressiTely motile sperm was not ' 
very satisfactory for storage and shipping as only 43 per cent conceptions 
resulted from its use. The correlation between pH, abnormal sperm, and 
concentration of sperm is generally of low significance as compared to the 
importance of (1) ability to withstand storage and (2) the motility rating. 

At the Missouri Station a small insulated ice cream shipper fitted with a 
metal can to contain crushed ice and a vacuum bottle has been found to be 
very satisfactory for long-distance shipping. Semen temperatures of 35 
to 50° P. have been maintained in this container for 84 hours at atmospheric 
temperatures of 80° P, Less complex shipping containers are satisfaetoiy 
for intra-state shipments. 

Using the above technique, semen shipped from Missouri to New Jersey’ 
has resulted in 20 pregnancies from 42 inseminations (semen 60 to 70 hours 
old when used). Additional shipments from Missouri to Indiana, and from 
Oklahoma to Missouri have resulted in 25 pregnancies from 47 insemina- 
tions, giving an average of 1.98 inseminations per conception for all ship- 
ments. 

MANUFACTURING SECTION 

ML Factors Which Influence the Apparent Survival of Heat-Treated 
Bacteria. P. E. Nelson, Iowa State College, Ames, la. 

The quantitative effects of variations in medium and temperature of in- 
cubation employed in making plate counts on dairy products commonly are 
attributed to the establishment of conditions such that the numbers of 
species or strains of bacteria which are able to produce countable colonies 
is changed. While this explanation may be adequate under some eirenm- 
stances, results previously reported, using pure cultures of heat-treated bac- 
teria, have shown that numbers of colonies can be influenced markedly by 
the plating medium employed. The results of certain studies of quantita- 
tive and qualitative changes in composition of the plating medium, of cer- 
tain methods of combining the ingredients, of pH of the medium and of 
time and temperature of incubation upon plate counts of heat-treated 
bacteria are reported in this paper. Escliericliia coli, Pseudomonas aerugi- 
nosa, Staphylococcus aureus. Bacillus suhtilis, Streptococcus durans, Strep- 
tococcus liquefaciens and Streptococcus zymogenes were used as test organ- 
isms. Milk or broth cultures of these organisms were diluted with sterile 
skim milk and heated to such temperatures for such periods of time as 
would prevent proliferation of the majority of the organisms under usual 
cultural conditions. 

Most of the factors studied were -without effect in the ranges employed 
upon the development to countable colonies of the unheated control bac- 
teria ; counts of heat-treated bacteria were affected, sometimes quite mark- 
edly, by modifications in the cultural conditions. Larger quantities of pep- 



664 


PAPERS PRESENTED AT THE 


tone were more effective than small quantities in inducing development of 
maximum numbers of colonies. Addition of peptone to the basal raedium 
before sterilization resulted in higher counts than did addition of a sterile 
peptone solution in equivalent quantity at the time the plates were poured, 
except when very small cxuantities were einiDloyed. Addition of tiiiogiy- 
collie acid to various media commonly resulted in rather large increases in 
count, a fairly definite optimum concentration of this substance being ob- 
served for each medium in the eases of the majority of the test organisms. 
A comparatively narrow pH range of the counting medium proved optimum 
for development of maximum numbers of colonies of heat-treated bacteria. 
This optimum was particularly pronounced with E. coli and Ps. aeruginosa, 
where it occurred at about pH 5.7. An incubation temperature of 32° C. 
proved optimum or nearly optimum for maximum count on most suspen- 
sions of heat-treated bacteria, with 28° and 37° C. being slightly less satis- 
factory in most instances and 42° C. being particularly unsatisfactory. In- 
cubation at 21° C. commonly was very unsatisfactory when only 2 days were 
allowed for incubation, but incubation for 4 days greatly improved the 
results at this temperature, as well as improving the count level appreci- 
ably at 28° C. and to a smaller extent at 32° C. At 37° and 42° C. the longer 
incubation period had essentially no effect upon the count. 

The data indicate all of the factors studied have an appreciable effect 
upon the apparent survival of bacteria subjected to sublethal heat, while 
being essentially without effect upon colony development of unheated con- 
trol organisms from the same culture. Undoubtedly some of the observed 
differences in counts on pasteurized dairy products resulting from modifica- 
tions of culture media and incubation conditions are due to the effect of 
these factors upon the ability of heat-treated bacteria to produce countable 
colonies, rather than because of growth of new strains or species of bacteria. 

M2. A Correlation of the Resazurin Test Read with an All-Purpose 
Lovibond Comparator at 10, 30, and 60 Minutes with the Stand- 
ard Plate Count of Milk. S. Irene Jorgensen and N. S. Golding, 
WasUngton Agricultural Experiment SiaMon, Pullman, Wash, 

Extensive work has been done by the dairy research stations in Great 
Britain on the resazurin test for estimating the quality of farmer's milk. 
The color changes in this test have been standardized by a special Lovibond 
Comparator giving discs from blue, lilac, mauve, pink-purple, purple-pink, 
pink and white which are numbered 6, 5, 4, 3, 2, 1 and 0, respectively, and 
graded down from good to poor. The Ministry of Agriculture and Fisheries 
of Great Britain are recommending the resazurin test as a standard routine 
test and have issued a provisional technique for operating the test. 

In our work to correlate the resazurin test with the Standard Plate Count 
(Standard Methods for the Examination of Dairy Products, American 
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Public Health Association, 8th Edition, 1941) we have used some 1360 sam- 
ples of farmer’s milk taken on the Portland, Oregon milk-shed in April and 
May, 1944. Standard plate counts were made hy the Interstate Dairies in 
their laboratory and with their kind cooperation we obtained milk from each 
of these samples and made 30- and 60-minute resazurin readings on the 
comparator concurrent^ with their plate count. 

Frequency curves for each resazurin disc number are plotted against 
the log of the standard plate count for thirty and for sixty minutes. 

Previous work done during last winter in our laboratory including a 
smaller number of samples is expressed in a similar way for resazurin 
readings at 10, 30 and 60 minutes. 

M3. Mastitis and the Plate Count. E. 0. Anderson, W. N. Peastridge, 
AND H. W. Seeley,, Jr., Sforrs Agricultural Experiment Station^ 
Storrsy Conn. 

Our results seem to indicate that in general high bacterial counts in 
milk are due to causes other than the chronically infected cow’s udder. A 
previous report showed that Streptococcus agalactiae counts in 33 samples 
of mixed herd milk averaged 1,100 bacterial colonies per ml. Kecent work 
shows that the Streptococcus uheris popnlation of 23 samples studied ranged 
from 30 to 40,000 bacterial colonies with an average of 8,200 per ml. Sam- 
ples of milk drawn from 34 staphylococcus-infected quarters gave plate 
counts ranging from 200 to 42,000 staphylococcal colonies per mi. with an 
average of 6,800. Representative portions of the complete milking from 
seven chronically eoli-infeeted quarters were plated on violet red bile agar 
and the plate counts were found to be less than 100 colonies per ml. 

The region of P. is critical for the groAvth of Sir, iiberis in milk. 
A statistical analysis disclosed that at this temperature 10 of 15 cultures 
showed a slight measurable increase in numbers during a 60-hour incuba- 
tion period. Four of five cultures of Sir. agalactiae did not grow at 50° P. 
under the same conditions. 

M4. Behavior of Micro-Organisms in Fluid Dairy Products When Held 
in Atmosphere of Different Gases under Pressures. M. J. 
pRUCHA, JJniversitg of Illinois^ Ur'bana, III, 

In this study milk and cream, both raw and pasteurized, were subjected 
to carbon dioxide, nitrous oxide and freon at different pressures and tem- 
peratures. Plate counts were made to determine the rate of multiplication 
of the bacteria present. 

It was found that such treatment greatly reduced the rate of multiplica- 
tion of bacteria. For example, in one test milk having a plate count of 
10,000 and held at 50° P. had a count after four days of 31,000,000 while 
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tlie same milk subjected to 55 pounds pressure of nitrous oxide bad a count 
of ohIt 61j000. 

In anotber test milk was inoculated witb beat-resisting U. coli and was 
pasteurized at 130° F, for thirty minutes. The initial count was 7,000,000. 
The lot subjected to 100 pounds pressure of nitrous oxide was free from any 
E, coli while the lot not put under the pressure of the gas bad a count of 
44,000. 

The effect of freon was about the same as that of nitrous oxide. The 
effect of carbon dioxide was more pronounced. When milk was subjected 
to air pressure and was then pasteurized, the pressure of 100 pounds also 
tended to cause a greater reduction of the number of bacteria by pasteuriza- 
tion. 

A tentative conclusion of this study may be drawn to tbe effect that a 
combined effect of two or more harmful factors on microorganisms applied 
at the same time causes greater destruction of the microorganisms than tbe 
factors applied singly. This principle may become important in food pres- 
ervation. 

M6* Farm Sources of Oospora lactis.* E. K. Garrison, University of Mis- 
souri, Columbia, Mo, 

Qualitative determinations -were made to detect the presence of Oospora 
lactis in dairy farm milk utensils and in various miscellaneous materials 
collected on farms. Quantitative determinations of this organism were 
usually not attempted because of the abundance of other molds in most 
materials examined, which overgrew and obscured the Oospora lactis colo- 
nies on the agar plates. 

A portion of the inner surfaces of the milk utensils on 60 cream-produc- 
ing farms were wiped, first with a moist, then with a dry cotton swab and the 
swabs and water (20 ml.) used were plated on acidified potato-dextrose 
agar and after incubation at room temperature the plates were examined 
for Oospora lactis colonies. Of the 60 milk pails, 23 milk strainers and 36 
cream separators examined, 76.7, 65.2 and 80.6 per cent, respectively, con- 
tained Oospora lactis. Other molds were present, nsually in relatively large 
numbers, on all equipment studied. The rubber parts of 20 milking ma- 
chines were flushed with 500 ml. of sterile milk and the milk collected in a 
liter flask; after inoculating with butter culture, the flasks were held at a 
favorable temperature and observed for the growth of Oospora lactis in the 
cream on the surface of the milk; the rubber parts of only one machine 
yielded this organism. 

Eighty-one samples of cistern water used for washing the milk utensils 
on dairy farms were analyzed for Oospora lactis by plating 1- and 5-ml. 

* Contribution from tbe Department of Dairy Husbandry, Missouri Agricultural Ex- 
periment Station, Journal Series No. 952. 
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quantities in acidified potato-dextrose agar; this mold was found in 27 or 

33.3 per cent of the water samples investigated. 

The presence of Oospora laciis in the barn air was studied by exposing 
two sterile Petri dishes for 15 minutes at various places in 30 dairy barns 
under both clean and dusty conditions. One plate was later poured with 
acidified potato-dextrose agar w’hile the other plate was poured with steril- 
ized 10 per cent milk subsequent^ inoculated with butter culture and the 
plates then incubated to permit mold development. Oospora lactis was 
observed in only 4, or 6.7 per cent, of the 60 plates exposed. 

The procedure followed for the detection of Oospora lactis in the mis- 
cellaneous materials examined was as follows : Quart and pint bottles one- 
half filled with milk were steamed for 30 minutes, then , cooled to room tem- 
perature and inoculated with butter culture; approximately 5 grams of 
material to be studied were stirred into a quart bottle and approximately 1 
gram of the same material was stirred into a pint bottle and the capped bot- 
tles were left undisturbed at room temperature for 3 to 5 days for the molds 
to grow ; the presence of Oospora lactis in the cream on the surface of the 
milk could usually be accurately detected by macroscopic observation but a 
microscopic examination of the mold growth was always made for final 
verification. 

The number of samples of each material examined by this procedure 
and the per cent of the samples in which Oospora lactis was found were as 
follows: barn floor dirt 13, 84.6 per cent; bedding 10, 60 per cent; brushings 
from cow 30, 83.3 per cent ; barley and wheat 21, 28.6 per cent ; corn 21, 
19.1 per cent; cottonseed meal 11, 18.2 per cent; grain mixtures 37, 54.1 
per cent; oats 20, 15 per cent; soybean meal 15, 6.7 per cent; alfalfa 15, 

13.3 per cent ; beet pulp 10, 20 per cent ; lespedeza 33, 39.4 per cent ; clover 
and timothy hay 15, 13.3 per cent; silage 43, 62.8 per cent; soybean hay 10, 
10 per cent; straw 23, 17.4 per cent; fresh cow feces 91, 82.4 per cent; fresh 
horse feces 16, 87.5 per cent; barnyard soil 45, 75.6 per cent; field and gar- 
den soil 42, 28.6 per cent. 

Thirty samples of fresh cow feces plated on acidified potato-dextrose 
agar gave Oospora la<;tis counts of less than 1 per gm, in 2 samples and over 
10,000 per gm. in 5 samples with a maximum count of 34,000 per gm, 

M8^ The Mold Mycelia Count as an Index of Quality of Butter. P. R. 
Elliker and B. E, HoRRAEii, Purdue University Agricultural 
Experiment Station^ West Lafayette, Jnd. 

This study was based on results of mold mycelia counts and scores 
(organoleptic grade) on 1,385 commercial butter samples obtained monthly 
over a three-year period from Indiana and surrounding region. 

No 92 score bntter was illegal (mold mycelia counts over 60 per cent) 
in any of the four seasons of the year. During the winter period practically 
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no 89 or 90 score and about 20 per cent of the cooking grade butter was ille- 
gal. The spring period was similar except that some increase in illegal 
butters occurred in the 89 score group. In the summer period about 30 per 
cent of the 90, 60 per cent of the 89 and 75 per cent of the cooking grade 
butter was illegal. In the fall period about 11 per cent of the 90 score, 18 
per cent 89 score and about 73 per cent of the cooking grade butter was 
illegal. According to organoleptic tests, actual quality of butter remained 
reasonably constant throughout the year with slightly more poor quality 
butter in the fall months, but mold content of butter soared to high levels 
in the summer and then gradually receded to a low level with colder 
weather. By mold mycelia standards over the entire period studied, about 
50 per cent of all cooking grade butter, about 25 per cent of 89 score (com- 
mercial number 2 grade), about 10 per cent of 90 score and none of the 92 
score butter would have been considered illegal. 

Eesults indicate that organoleptic grade of cream and butter should be 
emphasized above other available quality tests if actual quality of commer- 
cial butter is to be improved in the area studied. 

M9. An Aerobacter Species in Whey Cream as a Cause of a Medicinal 
Flavor Encountered in Butter. T. J. Claydon, University of 
Arkansas, Fayetteville, Ark, 

During a tw'O-year period at tlie University of Arkansas Creamery, a 
number of churnings of commercial butter were encountered that exhibited 
a definite medicinal flavor. The defect varied in intensity from slight to 
very disagreeable. "Whey cream, occasionally used for a portion of the fat, 
was found to be the source of the flavor. While not all whey cream was 
affected, some lots showed the typical medicinal flavor encountered in the 
butter. The odor was also suggestive of the defect. The condition was 
observed at various times in whey cream from three separate cheese plants. 
Inspection of one of the plants failed to indicate the cause. Ply spray and 
chlorine compounds did not appear to be involved, although laboratory tests 
suggested the latter as a possibility. 

During this time an outbreak of a medicinal flavor in market milk was 
encountered and traced to Aeroiacter aerogenes. Laboratory cheese- 
making trials showed that, under certain conditions, this organism would 
produce the medicinal flavor and odor in whey. The defect was more 
intense in the whey cream and resulting butter. 

Although first attempts to isolate A, aerogenes from slightly defective 
whey cream were unsuccessful, examinations of later shipments yielded con- 
siderable numbers of organisms of the Aerohacter group. This organism 
inoculated into milk set for cheese-making, frequently produced a medic- 
inal flavor and odor in whey after the latter was held several hours at room 
temperature. Increased development of acid masked the defect. Butter 
made from the whey cream was characterized by the medicinal defect. 
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Preliminary studies indicated the organism to be A. aerogenes^ which is 
common in raw milk and to a considerable extent, in pasteurized cheese. 
Possible phenol production by the organism, under some conditions, might 
ace omit for the medicinal flavor. 

MIO. Some Chemical and Physical Properties of Washing Powders, 
P. S. Lucas, Michigaii State College, East Lansing, Mich. 

Ill the following report 13 commercial washing powders, one acid cleaner, 
three single chemical detergents, and two wetting agents were checked for 
some of their chemical properties as related to bottle and can washing 
adaptability. The cost of bottle washing economy in terms of water and 
alkali required under varying conditions was calculated. 

In total alkalinity, active caustic strength, and soda ash content these 
cleaners varied from neutral to high values. Several had high buffer values 
as determined by pH determinations made after successive additions of 
standard acid, but the tendency of manufacturers compounding washing 
mixtures, except for bottle washing, has been to depend less upon alkalinity 
than upon reduction of surface tension through addition of whetting agents 
for cleansing value in their product. 

The amounts of w’ater and alkali required to wash a milk bottle depend 
upon the frequency with which the washing solution is changed, and 
whether the strength of the solution is maintained at a constant value. Of 
the two the water used is but slightly affected, the amount varying from 
0.8 to 0.95 gallons of soft water per quart bottle equivalent washed. The 
amount of alkali used in soft water is greatly affected. In 26- and 33-day 
trials one pound alkali was sufficient for 222 and 333 bottles, respectively. 
In a 14-day trial, with one initial charge only, one pound washed but 189 
quart bottles. In this trial total alkalinity decreased from 4.05 to 3.1 per. 
cent and pH from 11.2 to 10.75. However, when the washing solution was 
changed only after 68 days one pound of alkali was sufficient to wash 476 
bottles. 

Mil. Factors Entering into the Testing of Sour Cream for Extraneous 
Matter. Kenneth M. Kenner, Texas Technological College, Lnb- 
hocJc, Tex. 

Eeeently a number of creameries located in the Southwestern section of 
the United States have found it desirable to make sediment tests on sour 
cream, using a four-ounce sample instead of the tw’o-ounee sample formerly 
in general use throughout the country. 

It was found that entirely too many of the four-ounce samples refused to 
filter completely when the methods of sediment testing commonly used for 
the two-ounce sample were applied to the larger size sample. 
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Various factors entering into tlie testing of sour cream for extraneous 
matter were studied in order to determine their effect on the ability to secure 
complete filtration of four-ounce samples of cream. 

The following sediment tests, recently published by the American Butter 
Institute, were used : 

Method 1— Soda Solution Method (Illinois Method) . 

Method 2 — ^Dry Soda Method. 

Methods — ^Acid Method (HCL Method recommended by Prof. M. G. 
Pederson, Texas Technological College). 

(HCL Method recommended by Prof. B. A. Horrall, Purdue 
University). 

Method 4 — Texas Tech. Method ( Calgon-Diversey U,S,N, -Citric Acid) 
Eeeommended by Prof. K. M. Renner, Texas Technological 
College. 

Method 5 — Special Solution, designated by the Manufacturer as X~300. 

The following factors were found to have a direct influence on the ability 
to secure complete filtration of four-ounce samples of sour cream in testing 
for extraneous matter : 

1. The hardness of the water used in the test. 

2. The percentage of butterfat in the cream. 

3. The age of the cream. 

4. The physical condition of the cream (curd content) . 

5. The method of adding the testing solutions to the cream. 

No one method of testing four-ounce samples of cream for extraneous 
matter was found w^hich would work one hundred per cent. A new method 
of filtering cream to determine the amount of extraneous matter in cream 
has been developed by the Department of Dairy Manufactures, Texas Tech- 
nological College, which appears to be approximately 95 per cent effective 
under the conditions studied. Certain methods which had previously been • 
successful in the filtering of two-ounce samples of cream would not work on 
four-ounce samples. 

M12. The Problem of Extraneous Matter in Cheddar Cheese. WAiiTER 
V. Price ano Raymond Miersch, University of Wisconsin^ Madi- 
son^ Wis, 

The test for extraneous matter in cheese provides a method of detecting 
the use of unclean milk and unsanitary factor}^ conditions, and a means of 
demonstrating the necessity of strict sanitation. When milk is efficiently 
filtered the test becomes useless to check farm practices. A low-power micro- 
scope must be used to identify sediment of animal or insect origin. 

Distribution of extraneous matter is fairly uniform in a single eheddar 
but from cheese to cheese from a single vat it is not uniform. Cheese from 
any source should be tested regularly and frequently as a control measure. 
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The test can be used systematically to improve cheese factory operations 
if the control chart system of inspecting the quality of a manufactured prod- 
uct is applied. By this method (which is described in principle by L. E. 
Simon, An Engineer’s Manual of Statistical Methods/’ John Wiley, 1941) 
60 eonseciitive daily tests provide data to describe factory performance. The 
control chart provides a working guide based on factory performance and 
indicates variations in quality in time to correct errors before rejections are 
necessary. Specifications can be written with suitable statistical consider- 
ations in mind so that a quality improvement program can be initiated even 
though it is impractical as yet to set industrial standards or tolerances. 

The justification of this plan is based on the conviction that it is un- 
reasonable to expect perfect sediment tests in cheese. Observations and data 
indicate that where it is necessary the elimination of excessive amounts of 
extraneous matter from cheese is practical; the reduction of contamination 
with undesirable types of foreign matter in the factory is possible ; and that 
costs of doing so should not be pxmhibitive. 

Ml 4. Use of Conductivity Measurements for Detecting Neutralization 
of Buttermilk. S. T, Coulter anu K. W. Kunkel, University of 
Minnesota^ St, Paul, Mmn, 

Large quantities of dry buttermilk are manufactured in central drying 
plants which purchase the buttermilk from outlying creameries. Many of 
these plants maiiufacture dry sweet cream buttermilk. Some rapid method 
of analysis which would detect the addition of neutralizer to the cream from 
which the buttermilk was churned should be of assistance. 

The alkalinity of the ash has been used as an index of neutralization in 
dry buttermilk. Based on the analyses of 114 samples of dry buttermilk 
ranging in ash alkalinity from 78 to 524, the conductivity of the reconsti- 
tuted buttermilk increases directly with increase in ash alkalinity. The 
conductivity measurements ranged from 53.3 to 79.8 x 10*^ mhos at 25° C. 
The correlation coefficient between the two sets of data was 0.94. 

This test has been used with fluid buttermilk and appears to be a useful 
tool for grading buttermilk in central drying plants. A suitable correction 
must be made for dilution of the buttermilk. 

Mi3. Correlating Lactic Acid Determinations with Practical Milk 
Quality Tests in Grading Milk for Manufactured Dairy Products. 

I. A. Gould and J. M. Jensen, Michigan State College, East 
Laming y Mich, 

The lactic acid content of condensed and dried milk reflects the quality 
of thfe milk which is used in the manufacture of these products. However, 
since the direct application of lactic acid determinations to raw milk as a 
routine grading test is impractical, a study was conducted with the view of 
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correlating* the lactic acid results with more practical milk quality tests. 
Trials were conducted in which raw milk from various sources w-as incubated 
either at 25° C. or 35° C. and examined at intervals for (a) lactic acid by 
the Hillig colorimetric method, (b) acid associated flavors, (c) titrable 
acidity, (d) direct microscopic clump counts, (e) methylene blue reduction. 
Acid associated flavors were usually detected at lactic acid increases of 2-5 
nig./lOO grams and pronounced aciddype flavors resulted when the lactic 
acid increase amounted to 10 mg./lOO grams or more. Microscopic clump 
counts varied widely with specific increases in lactic acid although a general 
direct relationship existed. Of the samples with lactic acid increases of 
1-2 mg./lOO grams, 72.4 per cent of the samples possessed bacterial counts 
of less than 5 million. Acid associated flavors often resulted with bacterial 
counts of 2 million per ml. The original milk usually had bacterial counts 
below 50,000 per ml. Methylene bine reduction time was in general directly 
related to the lactic acid content of the milk but a production of 5 mg./lOO 
grams or more was required before the reduction time was consistently under 
one hour. On the average, titrable acidities agreed closely with the lactic 
acid results but determinations on individual samples varied widely. Differ- 
ences in the types and strains of the predominant bacteria in the milk may 
influence the relationship bet'ween the lactic acid content and these various 
practical quality tests. 

Ml 5. An Improved Technique for the Determination of the Volatile 
Acidity of Cheese. K. L. Smiley and A. C. Dahlberg, Cornell 
University^ Ithaca, N. T. 

A method was developed for the determination of volatile acids in cheese. 
Cheese was ground in a 10 per cent phosphoric acid solution and the result- 
ing mush w^as extracted repeatedly with ether in the presence of magnesium 
sulfate. The fatty acids were liberated from the ether solution by repeated 
washings with. 0.1 N NaOH. All traces of ether Avere eAmporated from the 
combined alkaline Avashiiigs on an electric hot plate. The washings Avere 
then acidified to pH 2.0 and distilled in the presence of MgS 04 . The distil- 
late was filtered through paper to separate the soluble from the insoluble 
acids. The soluble acids were titrated directly, using pheiiolphthalein. 
Neutral alcohol Avas used to rinse the condenser and dissolve the insoluble 
acids on the filter paper. The alcoholic solution aa^s then titrated and the 
sum of the two titrations equals the volatile acidity of the cheese. 

An ordinary Kjeldahl distillation outfit without traps was used for a con- 
denser. Since the volatile acids are quantitatively distilled in the presence 
of MgS 04 , a perfectly uniform apparatus is not necessary. 

The method gave uniform results for all samples of cheese and the results 
agree very well with Amlues obtained using the method of Hiscox, Harrison, 
and Wolf. It has two advantages over the latter method in that no special 
apparatus is necessary and the time required is greatly reduced. 
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Mi 6. A Study of Some of the Substances Absorbed on the Fat Globules 
of Milk. Robert Jenness, University of Minnesota^ St. Paul^ 
Minn. 

This study was iiiidertakeu to ascertain whether large variations in pro- 
portions of protein, phospholipide, and phosphorus-free lipide such as were 
found in natural membranes'’ by Rimpila and Palmer (1935) could be 
correlated with such natural factors as breed of eow, season, ration, or stage 
of lactation. The method consisted of precipitation of the ‘^membrane" 
protein from washed cream with dioxan and determination of lipide phos- 
phorus in either the dioxan or Roese-Gottlieb extracts. Ranges of 0.459“ 
0,862 gin. protein and 8.9“16.4 mgm. lipide phosphorus per 100 gm. fat ^vere 
found in creams that had been washed 6 times at 105“100‘^ P. The levels 
were relatively constant for any given group of cows, being lower in Jersey 
than in Holstein creams. The ratio of protein/phospholipide varied from 
1.8 to 2.3 ill 13 creams, being 2.7 in the fourteenth. It was calculated that 
3.4r-4.9 pg. protein and 0.57-0.86 pg. lipide phosphorus were adsorbed per 
100 cm.“ of fat surface. 

The distribution of protein and phospholipide between washed cream 
buttermilk and butter plasma was followed by precipitating the protein with 
dioxan and determiiiing lipide phosphorus in the dioxan extract. The ratio 
of protein/phospholipide was 2.4 to 3.8 in 11 samples of buttermilk and 1.0 
to 2.0 in the corresponding butter plasmas. A rather constant retention in 
the butter plasma of protein at a level of 0.21-0.30 gm. per 100 gm. fat was 
noted regardless of concentration of fat or of protein in the unchurned 
washed cream. The level of phospholipide retained hy the butter plasma 
was not constant but tended to vary directly with the level in the washed 
cream. 

The presence in ^'membrane” preparations of the high melting tri- 
glyceride fraction noted by Palmer and "Wiese (1933) was confirmed. Frac- 
tions of nearly identical properties were crystallized from alcohol extracts 
of washed cream buttermilk, and butter plasma and from alcohol solutions 
of butterfat. This material constituted a greater percentage of the phos- 
phorus-free extract of butter plasma than of that of buttermilk or of butter- 
fat itself. 

These findings appear to he best explained by considering that the “mem- 
brane” consists of a leeithoprotein complex with phospholipides oriented to 
the fat phase and protein to the aqueous phase. Churning evidently involves 
“erosion” of protein to a critical level, the complex being disrupted in such 
a manner as to release a comparatively protein-rich portion to the free 
buttermilk. Upon melting the butter, the butter plasma is enriched in the 
higher melting fat fraction probably as a result of a special affinity of the 
^ ^ membrane ’ ’ for it. 
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M17» Some Factors Affecting the Inversion of Sucrose. T. E. Freeman 
AND E. L, Fohts, Zhiiversity of Florida, Gainesville, Fla. 

Discussions in the literature regarding the relative sweetness of invert 
sugar indicate widespread disagreement and confusion on this subject. It 
lias been tacitly" assumed in all theoretical discussions that acid hydrolysis 
of sucrose by boiling in a water solution produces equal quantities of dex“ 
trose and le\nilose. It is also generally assumed that the, sucrose is com- 
pletely hydrolyzed. Both of these assumptions are erroneous. The present 
study was undertaken to obtain some basic information which might help 
eliminate^ or at least account for, some of the divergent views regarding the 
sweetening power of invert sugar. 

The effect on the inversion of sucrose of the kind and amount of acid 
employed has been studied. Tartaric, citric, lactic, acetic, hydrochloric, 
sulfuric, and phosphoric acids w^ere included. A series- of sirups was pre- 
pared with each acid, varying the amount of acid in such manner as to 
obtain pH values within the approximate range of 3.5 to 1,5. The resulting 
invert sirups w’ere analyzed quantitatively for dextrose and levulose, using 
the ^Modine-oxidation’’ method described by Lathrop and Holmes (Indus, 
and Engin. Chem., Analyt. Ed., 3: 334-339. 1931). 

. It has been observed that, in general, the most complete inversion of the 
sucrose occurs within the pH range of 2.5~2.0. The optimum pH for each 
acid and the degree to w^hich the sucrose was hydrolyzed may be indicated 
as follows: tartaric, pH 2.09, 96.0 per cent; citric, pH 2.15, 95.1 per cent; 
lactic, pH 2.23, 95.0 per cent; acetic, pH 2.20, 98.4 per cent; HCl, pH 2.63, 
95.3 per cent; H2SO4, pH 2.43, 95.3 per cent; H3PO4, pH 1.85, 93.4 per cent. 

The invert sugars thus produced contained 41.1 to 51.1 per cent levulose. 
The effect of kind and amount of acid on ratio of dextrose to levulose in the 
resulting invert sugar was inconsistent. The pH which produced the most 
favorable ratio of levulose to d-extrose, and the per cent levulose in the invert 
sugar, are indicated as follows for each acid : tartaric, pH 3.20, 48.5 per cent ; 
citric, pH 3.41, 50.0 per cent; lactic, pH 2.68, 48.3 per cent; acetic, pH 2.20, 
50.8 per cent; HCl, pH 2.63, 48.4 per cent; H 2 SO 4 , pH 3.20, 511 per cent; 
H 3 F 04 y pH 3.24, 48.6 per cent With only twm of the acids used (acetic and 
hydrochloric) was the best ratio of levulose to dextrose obtained at the same 
pH which resulted in the maximum production of invert sugar. 

Tartaric, citric, lactic, hydrochloric, and sulfuric acids gave satisfactory 
inversion of the sucrose. Phosphoric acid is a somewhat less efficient catalyst 
than the other acids studied. Although acetic acid gave the highest yield of 
invert sugar, and a very favorable ratio of levulose to dextrose, its use is 
impractical because of the unpleasant odor imparted to the sirup. 

Preliminary trials indicate that the proportion of sugar to water used 
in preparing invert sirup affects hydrolysis of the sucrose. The yield of 
invert sugar and the per cent levulose in the invert sugar both increase as 
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tlie water content of the unboiled sirup is increased progressively from 27,8 
per cent to 39.8 per cent. 

Ml 8. Study of the Peroxide Value of Stored Spray-Dried Whole Milk 
Powder. Harry Pyenson and P. H. Tracy, University of IllinoiSf 
Urbana, 111,^ and J. M. Trimble, Indiana Condensed Milk Com- 
pany ^ Indianapolis^ Ind. 

Approximately 180 samples of spra3’'-dried whole milk powder stored at 
room temperature and varying in age from fresh to 21 months were anatyzed 
for peroxide content, gas content and scored for flavor. The variables in- 
cluded antioxidant addition, packing temperature, spray chamber tempera- 
ture, spray pressure, spra^^ temperature, pre-heat temperature, packing tem- 
perature, homogenization pressure and temperature, copper addition, neu- 
tralization, time of packing, and gas packing. 

There were cases where both fresh spray-dried whole milk powder and 
oxidized samples several months old had a low peroxide value. Other obser- 
vations showed that some whole milk powder gave a peroxide value but 
lacked oxidized flavor. There was no correlation between peroxide content 
of plain-packed and nitrogen-packed whole milk powder and the extent of 
oxidized flavor development. Some of the whole milk powder studied, 
although lacking in peroxide content, produced an oxidized flavor. 

With the exception of one set of four samples 18 months old, the highest 
peroxide value obtained on any of the 180 samples was 15.07 milliequivalents 
of peroxide per kilogram of milk powder. Since in general high peroxide 
values were not obtained it is concluded that side reactions take place as the 
peroxides form producing other eoinpouiids such as aldehydes, ketones and 
keto-hydroxy compounds. It was also noted that the peroxide values were 
low in most of those samples which showed little or no oxygen. The data 
indicate that it 'is possible, especially in the ease of fresh whole milk powder, 
to obtain a reducing action resulting in a ‘ ‘negative’’ peroxide value. 

On the basis of the results obtained with the Chapman and McFarlane 
(Canadian Journal of Eesearch, B, 21 : 133-139. 1943) method for the deter- 
mination of peroxides in whole milk powder, it is concluded that peroxide 
value is not a satisfactory criterion of the palatability or keeping quality of 
spray-dried whole milk powder. 

M19. The Determination o£ Lipase from Milk Extracted with Acetone 
■ and Ether. Philip L. Kelly, University of ArkmisaSy Fayette- 
ville, Ark. 

Dried defatted milk was obtained by extracting one volume of milk twice 
with acetone, once with equal parts of acetone and ether and twice mth ether 
each time using five volumes of solvent. A soft white precipitate was ob- 
tained which will keep indefinitely. Since it contained only 5‘ or 6 per cent 
moisture the milk and substrate were used alone without preservative. Some 



676 


PAPERS PRESENTED AT THE 


of the samples were immediately extracted with ether to serve as blanks, the 
remainder were ineiibated at 37° C., usually for 24 hours, before extraction. 
Alcohol -was added to the extract which was titrated against aqueous N/IO 
sodium hydroxide using phenoljDhthalein as the indicator. A sufficient 
amount of substrate was added to eomj)letely moisten the milk or similar 
results were obtained by adding a 20 per cent solution of the substrate in 
ether, later allowing the ether to evaporate. 

Samples of dried cream showed considerably higher lipase activity than 
did samples of whole or skimmed milk. When milk was held in a refrig- 
erator 24 hours before drying the lipase activity increased from 20 to 80 
per cent indicating that the age of the milk is an important factor in com- 
parative studies. 

Tributyrin, diaeetin, triacetiii, trieaproin, trimyristin, ethyl-oleate, tri- 
palmitiii and sterilized butter oil were used as substrates, both with normal 
milk and with milk which developed rancidity. Series were made up of 
from 4 to 20 samples. Eesults were expressed as the average increase in 
titration per gram of dried milk used in a 24-hoiir incubation period. 

With tributyrin the data were obtained from 9 series with normal milk 
and 12 series from milk developing rancidity. The normal series showed 
titrations from 0.03 to 0.25 ml. The rancid series showed titrations from 
0.30 to 1.40. 

The three normal series with tricaprion produced titrations from 0.08 to 
0.10 while the one series with milk developing rancidity gave a titration 
of 0.16. 

The triacetiii samples in three normal series varied from 0.15 to 0.26 
while the three rancid series ranged from 0.36 to 0.69. There seemed to be 
no significant differences, nor any consistency in the results when diaeetin 
was the substrate. This was also true when ethyl-oleate was the substrate. 
Although four series were carried out with trimyristin there* was no evidence 
showing that this was hydrolyzed by milk lipase. 

With tripalraitiii two series with normal milk showed titration of 0.07, 
and two series with rancid milk titrations of 0.08 and 0.19. 

When butter oil was the substrate, two series with normal milk gave 
values of 0.05 to 0.08 while the four using milk which developed rancidity 
showed titrations of 0.10 to 0.12. 

The milk which showed development of rancidity indicated a selective 
hydrolysis with the short chain triglycerides hydrolyzed to a much greater 
extent than with the long chain triglyceiudes. 

M2Q. The Influence of Butter Cultures and of Butter Flavors on the 
Quality of Butter. H. G. Olson and P. E. Johnson, Oklahoma 
A, and M, College^ Stillwater^ Okla. 

Several series of churnings were made to compare the flavor and keeping 
quality of butter made with (1) butter flavors added to the butter, (2) 
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butter culture incorporated into tbe butter, (3) butter culture added to tlie 
cream, and (4) control cbiiriiing with nothing added to either cream or 
butter. Samples of both salted and of unsalted butter from each churning 
were held at about 45° F. and at -5° F. Flavor score and diaeetyi deter- 
iiiinatioiis were made on the samples at various intervals. 

The use of either butter culture or of butter flavors improved the flavor 
of fresh butter. Butter culture was superior to the butter flavors in im- 
proving the fresh flavor of butter. Adding the butter culture dii'ectly to 
the butter resulted in a more pleasing fresli flavor than was obtained by 
adding the culture to the cream, although the average diaeetyl content of 
the former was not as high. The diaeetyl content of the butter made with 
culture added to the cream or with culture incorporated into the butter 
increased during the first week or two of storage and then decreased gradu- 
ally throughout the remainder of the storage period at 45° F. The increase 
was much greater with the unsalted butter into which butter culture had 
been incorporated than with any of the other samples. The diaeetyl content 
of the butter made with butter flavors added decreased during storage, the 
most rapid decrease occurring with the unsalted samples during the first 
week of storage. Considerable variation occurred among various commer- 
cial butter flavors in their ability to impart a desirable flavor and to retain 
their flavor in butter. 

The blitter made with culture added to the cream had better keeping 
qualities than any of the other lots. 

M21. Effect of Various Bacteria on Diaeetyl Content and Flavor of 
Butter. P. E. Elliker, Purdue VniverBiiy Agricultural Experi- 
ment Statiojij West Lafayette, Ind. 

A modification of the Pien, Baisse, and Martin orthodiaminobenzidine 
hydroeiiioride method for diaeetyl determination proved accurate, highly 
sensitive and rapid and consequently was employed throughout this inves- 
tigation. 

A wide variety of bacteria, including several different genera, were able 
to destroy diaeetyl added to milk. Streptococcus lactis exerted no effect 
on diaeetyl under the same conditions. A number of butter-spoilage organ- 
isms, including Pseudomonas fiuoresoens, Pseudomonas fluorescens liquefa- 
dens, Pseudomonas fragi, Pseudomonas piitrefaciens, Pseudomonas nigri- 
fadens, and some unidentified non-pigmented species of Pseudomonas, 
markedly reduced the diaeetyl content of experimental butters under con- 
trolled conditions at 15.6° C. (60° F.). Again Sir. lactis did not affect the 
diaeetyl content under similar conditions. Almost all of the diaeetyl de- 
stroyed by Ps. putrefadens during 10 days of growth in butter stored at 
15.6° C. could be recovered as acefyhnethylearbinol and 2, 3-butylene glycol. 
About three-fourths of that recovered was present as aeetylmethylcarbinol 
and one-fonrth as butylene glycol. 
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Commercial butters known to consistently carry large numbers of bac- 
teria of the Ps, ptitrefaciens type rapidly lost diaeetyl and aroma during 
keeping-quality tests. 

Results indicated that the factor responsible for inhibition of Pseudo- 
monas species by butter starters in butter was Str. lactis or related bacteria 
rather than diacetyl. 

M22. The Effect of Storage Temperature on the Keeping Quality of 
Butter. C. N. Stark, J. J. R. Campbell, and E. S. Guthrie, Cor- 
nell University, Ithaca, N. Y, 

Reports from this laboratory and unpublished data, as well as practical 
plant experience, have shown that the more important butter-spoilage fac- 
tors are: (1) natural milk enzymes ; (2) harmful bacteria ; (3) salt; and (4) 
acid. The best-keeping butter is made from high quality, sweet cream which 
has been pasteurized at 165*^ P. for 30 minutes (or an equivalent heat treat- 
ment) ; it is uiisalted and not reeontaminated with harmful bacteria during 
the buttermakiiig process. If several of the above-mentioned spoilage fac- 
tors are present, their combined effect as well as the effect of each of these 
factors upon the other, make more difficult the correct evaluation of the part 
played by each of these factors. 

Much of the present excellent keeping quality of butter is made possible 
because the butter is usually stored in a frozen condition, where micro- 
organisms cannot grow and chemical spoilage rates are retarded. These 
experiments, the results of which are being reported here, were conducted 
to obtain more information on the significance of storage temperatures upon 
the keeping quality of butter. 

It was assumed that commercial butter should be stored at or below 
freezing temperature. Many tests were made but the importance of storage 
of butter at or below 0° F. was definitely shown. For example, similar but- 
ters (sweet cream, pasteurized at 165° F. for 30 minutes, unsalted) stored 
at 0° P. and 32° P. respectively had the following scores: fresh, 95 and 95 ; 
stored 6 months, 93 and 93 ; stored 8 months, 93 and 91 ; stored one year, 93 
and 83. The absence of appreciable numbers of microorganisms in the 
blitter stored at 32° P. shows that microorganisms were not responsible for 
the spoilage of the butter stored at 32° P. 

A long series of tests made in the Cornell Laboratories has shown such 
butter stored for as long as 8 years at 0° F. to score 92. These findings 
confirm the practice of 0° P. storage temperatures for commercial butter. 

M23. Butter Studies: Knaysi Method vs. Titration of Fatty Acids in 
Butter, E. S. Guthrie, Cornell University, Itkam, A. Y. 

Neither method can replace judging. Of the 378 samples the Knaysi 
reading correlated more closely with the judging in 20 eases than did the 
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titration procedure. And it was evident in 22 cases that the titration pro- 
cedure was closer to the judging than the Knaysi method. In 8 eases there 
was poor correlation between both methods and judging. These methods, 
therefore, correlate closely with each other and both agree with judging in 
the great majority of eases. 

Difference in score of Interior ami surface. The interior score of 378 
samples of butter purchased from the open market was 91 with a range from 
-87~93, whereas the surface score was about 87 with a range from 83-92. 

M24. Action of Lipase from Various Sources on the Fat of Cheddar 
Cheese. F. J. Babel, Iowa Agricultural Experiment Station, 
AmeSy la. 

The fat acidities of cheddar cheese made from pasteurized milk, without 
addition of lipase, increased at a rather regular rate during the ripening 
period. The results did not indicate a more rapid breakdown of the fat late 
in the ripening. The variations encountered in the fat acidities with the dif- 
ferent lots of cheese could not be correlated with the pH of the cheese, the 
acidity of the whey at milling, or the moisture or fat contents of the cheese. 

Cheese made with small amounts of rennet paste showed definite in- 
creases in fat acidities over those of the control cheese. The cheese either 
did not develop a rancid flavor or the rancid flavor disappeared during the 
ripening. The addition of small amounts of rennet paste appeared to over- 
come the sour or acid flavor frequently encountered in pasteurized milk 
cheese. Larger amounts of rennet paste resulted in greater increases in the 
fat acidities although variations were encountered. With the larger 
amounts, the cheese developed a rancid flavor and this was usually evident 
throughout the ripening ; however, in some cases the rancid flavor appeared 
to decrease in intensity as the cheese became older. 

Cheese made with small amounts of mulberry juice added to the milk 
either did not increase in fat acidity or only slightly increased. The small 
amounts did not produce a rancid flavor in the cheese and the cheese were 
very similar to the control cheese. Larger amounts of mulberry juice re- 
sulted in considerably greater increases in fat acidities; however, variations 
were encountered with different lots of cheese and different lots of mulber- 
ries. The rancid flavor of the cheese made with mulberry juice did not 
appear to decrease in intensity as the cheese became older. Unclean and 
rancid flavors were frequently encountered. In practically all cases, the 
cheese made with added mulberry juice was considered inferior to the con- 
trol cheese. 

iM25. Combining Lactic and Bulgaricus Fermentation in Cheese-Making 
to Prevent Gas Formation in Cheese-Ripening. N. S. Golmng, 
Washington Agricultural Experiment Station^ Pullman, Wash. 

For the successful vacuum canning of cheese, it is essential that the 
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freshly canned cheese 'do not produce sufficient gas during the ripening 
process to bulge the cans. We have found that when the starter rapidly 
produced acid during the making process, subsequent gas production dur- 
ing ripening is slight. In contrast, when the starter failed to produce acid 
actively during making, sufficient gas to bulge the ends of the cans was pro- 
duced at ripening temperatures from 40° F. to 50° F. Of 270 cans of cheese 
made by the eheddar process, 13.5 per cent produced suf&eient gas to be at 
atmospheric pressure or higher when mature. The more complete the failure 
of the lactic fermentation and the higher the temperature of ripening, the 
more rapidly gas formation occurred during ripening. Also, it was found 
that different commercial lactic starters for cheese-making changed mate- 
rially the rate of production of gas when the cheeses were ripened under 
the same conditions. 

Lactobacillus bulgaricus, which readily grows in milk and rapidly utilizes 
lactose with the production of a high degree of acid, but with no gas, was 
obtained as a commercial starter. This starter and a commercial lactic 
starter were used together in the manufacture of cheese having a settiiig-to- 
milling time of from 4,5 to 5 hours and aii acidity at milling of 0.5 per cent. 
In all cases, the addition of the. bulgaricus starter resulted in less gas being 
produced in the mature can of cheese,* the greater the proportion of bul- 
garicus starter used, the less the amount of gas produced. The mature 
cheese made with the combined starters do not have a typical eheddar flavox’, 
but possess a clean, sweet flavor which is acceptable to many people. The 
texture was that of a Cheshire cheese and the color was usually uneven. 
The mature cheese withstands adverse storage conditions of 55° and 65° F., 
frequently eneoiintered in retail stores, as little or no gas was produced at 
these temperatures during a period of 50 days.^ Experiments now under 
way include methods for determining to what extent the lactic and bill- 
garicus starters develop during the making process as follows : 

a. The amount of acidity produced in the milk by each starter by hold- 
ing it at the cheese-making temperatures in sterile containers and 
determining the per cent of acidity at dipping and milling. 

b. Dilution counts in milk incubated at 21° C. and 37° C. 

e. Plate counts on tryptone glucose extract agar incubated at 20° C., and 
Baltimore Biological Laboratories anaerobic agar incubated at 37° C. 

d. Microscopic counts by a modification of the Breed method. Cheese 
of 2041 grams each were canned the day after manufacturing in No. 
10, 5"^ cans and ripened at three different temperatures; namely, 45° 
F., 55° F., and 65° F. 

The results thus far obtained over a period of 50 days (a period which has 
previously represented more than half the gas formed during ripening) 
show : 
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a. TVitli lactic starter and little or no 'bulgarieus starter, the average 
drop in vacuum %vas 10, 71 and 6 iiielies of mercury for temperatures 
of 65, 55, and 45° F., respectively. 

b. lYitli lactic and httlgariciis starters added in equal proportion, the 
average drop in vacuum was 3, 3, and 2-| inches of mercury for tem- 
peratures of 65, 55, and 45° F., respectively. 

c. With hulgaricus starter only, tlie average drop in vacuum was f, li 
and 11 inches of mercury for temperatures of 65, 55, and 45° F., 
respectively. Thus far, these results are in agreement with our pre- 
vious work. 

M27. Effect of Heat Treatments of Milk on Quality and Ripening of 
Cheddar Cheese. A. 0. Call and W. V. Price, University of Wis- 
consin^ Madison^ Wis. 

The Cheddar cheese for these experiments "was made between October, 
1942, and June, 1943. Each experimental gronp of cheese included four lots 
made from identical milk ; one lot of cheese was always made from raw milk, 
one from milk pasteurized at 160° F. for 15.6 seconds and the other two lots 
from portions of the milk which had been subjected to some other heat treat- 
ments. The Cherry-Burrell Fine-line, Continuous Pasteurizer was used for 
all short-time heat treatments. The cheese was scored at 1, 3, 6 and 12 
months by several judges and was analyzed for water-soluble nitrogen and 
amino nitrogen contents at the ages of 3, 6 and 12 months. 

Since the final analyses have just been completed it is possible to present 
only a preliminary report on the results. The data confirm the conclusions 
of former studies by many workers who have shown the value of proper 
pasteurization for improving the quality and uniformity of Cheddar cheese. 
Heat treatments of milk which exceed or fail to meet pasteurizing require- 
ments produce cheese which is intermediate in quality between raw-milk 
and properly-pasteimzed-milk cheese. 

The amounts of nitrogen in the cheese in the water-soluble and amino 
nitrogen forms vary with the severity of the heat treatment and with the 
age of the cheese. These values are more uniform during the curing of 
pasteurized-milk cheese. There seems to be a tendency for these values to 
increase as the quality of the raw-milk cheese decreases but they do not seem 
to be so closely related to the quality of cheese made from heated milk. 

In these experiments heat treatments which approximated true pasteuri- 
zation produced the effects of usual pasteurizing heat treatments. 

M28. Relation of Corn and Alfalfa Silage to the Quality of Cheese and 
Its Carotene and Vitamin-A Content. W. V. Price, K. Higuohi, 
AND W. H. Peterson, University of Wisconsin, Madison, Wis. 

The milks from three groups of coavs were made simultaneously into 
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cheese. The rations of these groups differed only in the type of silage which 
each received; one group (I) was fed corn silage, the second (II) half corn 
and half alfalfa silage and the third (III) alfalfa silage.'^ The eoinplete 
milkings in the evening and morning were combined for these cheese-making 
experiments. All lots of milk contained less than 15,000 organisms per ml 
when placed in the cheese vats. The cheese was made on eight different days 
during the months of January and February, 1944. All lots of cheese were 
paraffined, cured at 40° F., and scored at 3 months of age by three judges. 

The flavor scores for lots I, II, and III averaged 37.5, 37.9 and 38.0, 
respectively; listed in the same order, body and texture scores averaged 
28.0, 28,4 and 28.3 ; while total scores averaged 90.4, 91.2 and 91.3. Such 
small differences in quality in favor of the milk from alfalfa-silage-fed cows 
are noteworthy because they tend to refute, at least for cheddar cheese, the 
notion of some practical cheesemakers that alfalfa silage cannot be fed with- 
out causing defective cheese. No differences were observed in manufactur- 
ing procedures for these three lots of milk. 

All whey was saved from each vat ; to each lot of whey was added one- 
third of the press drippings from all three lots of cheese and this mixture 
was used for measuring carotene and vitamin-A distribution in the making 
process. Cheese was sampled for analysis as it was removed from the press, 
again at 8 weeks and finally at 12 weeks after making. 

The carotene and vitamin-A content of each lot of cheese paralleled the 
values found for the milk from which it was made. There was no destruc- 
tion of carotene and vitamin A during a 12- week curing period. At the end 
of this time the micrograms of carotene per gram of cheese for lots I, II and 
III were 1.58, 1.88 and 1.85, respectively. The corresponding figures for 
vitamin A were 1.84, 1.98 and 2.28. About 85 per cent of the carotene and 
vitamin A in the milk was recovered in the cheese, 7 per cent was left in 
the whey and 8 per cent was not accounted for. 

M29. Two Years* Experience in Deaerating Milk. E. S. GutHrie, Cor- 
nell University, Ithaca, N. Y.- 

Taking April, 1943, as a typical month for intensive oxidized flavors in 
milk, the scores were as follows : fresh milk, not deaerated, 40 ; deaerated 
milk that was put in the bottle by the in-bottom filling procedure, not under 
vacuum, 39 on the 7th day; deaerated milk which was conveyed to the bottle 
by a commercial filler, not under vacuum, 36 on the 7th day ; and the control 
sample that was not deaerated, 31 on the 7th day. 

In April, 1943, the vitamin C dropped from 18.24 milligrams per liter 
of the original milk to 16.89 in the in-bottom sample that was held 7 days. 

* J. J. Stefardak, I. W. Rupel, and W. H. Peterson. ^‘Effect of feeding corn and 
alfalfa silages on the fat- and water-soluble vitamins of winter milk.’^ Proceedings of 
tlie 39tli Annual Meeting, American Dairy Science Association, Columbus, Ohio, June, 1944. 
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The vitamin C in the commercially filled bottles was 15.32 milligTams on the 
7th dajj and the control sample that was not deaerated was down to 7.74 on 
the 7th dkj. 

During the period of over 2 years of eliminating almost all of the oxygen 
from the milk on a commercial basis, the consumers have not complained 
about the oxidized flavors ; whereas, previous to the installation of the deae- 
rating equipment, these flavors were the cause of much consumer criticism. 

M30. The Relationship of the Individuality of the Cow to the Production 
of Rancid Milk. W. A. Krienke, Oklahoma A. and M, College^ 
Stillwater y OMa. 

Individual samples of milk were taken from each producing eow in the 
college dairy herd at two-wnek intervals during 1942 and at monthly inter- 
vals during 1943. All samples were cooled in ice water immediately after 
milking and held at about 38° F. for one day and for three days. The 
samples were then examined organoleptically for the rancid flavor and odor. 

A high percentage of the cow's were found to produce rancid milk during 
this period ; some ivere very persistent in producing it while others produced 
it occasionally and at irregular intervals. Several cows produced the defect 
•at the beginning of their lactation periods while others produced it only at 
the end, Eancid milk was produced by some cows at the beginning and at 
the end of their lactation periods with an intermediate interval during which 
the defect was not present in the milk. A few’ eow^s w’hich produced the 
defect during the second lactation period of this stud}’ had not produced it 
during the initial lactation period. Several cows produced the defect dur- 
ing the initial lactation period but not during the succeeding one, even 
though some of them had been persistent producers of rancid milk. A num- 
ber of cows produced the defect during successive lactation periods. 

In general the rancid flavor and odor was most pronounced in milk from 
the persistent producers of the defect. 

M31. Milk as a Frozen Food (A Preliminary Report on Technical 
Aspects). F. J. Doan aistd J. G. Leeder, Pennsylvania Agricul- 
tural Experiment Station, State College, Pa. 

Experiments have demonstrated the possibility of manufacturing a 
frozen concentrated form of milk which may be distributed to the consumer 
in a manner similar to that used for other types of frozen food. 

The milk is pasteurized at 180° F. for 15 minutes, then it is coneeia- 
trated at a ratio of approximately three to one. After condensing, the hot 
milk is homogenized at a pressure of at least 3,000 lb. and is then cooled to 
40° P. to await initial freezing. Initial freezing is accomplished in either 
a batch or continuous type of ice cream freezer, the continuous being prefer- 
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.ble for several reasons. A minimum amount of air incorporation during 
reezing is desirable. 

Wlien frozen, tlie milk may be packaged in lee cream containers. The 
)ac'kaged milk is placed in a hardening room for rapid hardening’ before 
}eiiig stored. The temperature of fimzen storage bears a definite relation- 
kip to the properties of the protein in the reconstituted product. Tempera- 
;ures above - 10° F. are unsatisfactory from this standpoint. 

The most satisfactory method of reconstitution is to place the frozen 
block of milk into the proper volume of hot water (180° F.) and to allow 
it to melt undisturbed. After melting the milk should be stirred to make 
it homogeneous. 

The flavor of reconstituted frozen concentrated milk is little different 
from fresh fluid, pasteurized, homogenized milk. ‘When pasteurized at the 
recommended temperature, the flavor is somewhat more cooked^’ than 
ordinary milk but this flavor gradually disappears during storage. The 
objectionable flavors developed during long holding in storage are ''stale’’ 
and oxidized. The former does not become objectionable until long after 
the milk would be used under commercial conditions. The latter flavor may 
develop unless precautions are taken to eliminate copper contamination. 

M32. The Utilization of Skim Milk in Ice Cream Mix. W. S. Arbuckle, 
C. N. Shepardson, and H. M. Walling, Texas Agriculfural Experi- 
ment Station, College Station, Tex, 

^ This paper presents information upon the preparation and use of a con- 
centrated skim milk product for the manufacture of ice cream. The method 
which proved most sueeessfiii consisted of coagulating skim milk at a temper- 
ature of 94 to 96° F. with 10 per cent hydrochloric acid, draining the whey 
at an acidity of 0.45 to 0.48 per cent, disintegrating the curd by passing it 
through the screen bottom of a drain rack and then redissoiving the curd 
by use of 5 pounds of sodium bicarbonate per 100 pounds of casein and by 
heating to 150° F. for 30 minutes. The product was standardized to 16 per 
cent solids content by the addition of skim milk according to the Pearson 
Square method or to a Baume reading of 7.2 to 60° F, The quality and 
composition control was based upon the use of the acidity tester, a casein test 
and the hydrometer. The preparation was simplified by completing the 
entire process by the use of a cheese vat as the major piece of equipment. 
Disintegrating and heating the curd brought about more rapid dissolving. 
The heating period reduced the bacterial count of the finished product to 
fifty thousand or less. The use of skim milk to standardize the finished 
product to 16 per cent produced a product that was easier to handle and also 
offered a means of conserving additional non-fat milk solids. An analysis 
showed that the approximate composition of the finished product was as fol- 
lows: 16 per cent total solids, 84 per cent water, 13.8 per cent protein, 2 per 



THIKTY-NINTH ANXUAL MEETING 


685 


cent lactose and 1.5 per cent asli. The cost of manufacture excluding labor 
was approximately one and one-half cents per pound solids. 

The product prepared in this manner was used to supply 10 to 50 per 
cent of the serum solids content of various ice cream mixes. The data indi- 
cate that 37.5 per cent of the serum solids can be supplied by the concen- 
trated skim milk in a 10 per cent fat, 8 per cent serum solids ice cream con- 
taining butter as a source of fat. Wlieii 40 per cent cream was used as a 
source of fat, the amount of serum solids that could be furnished by the 
concentrated skim milk in a 10 per cent fat, 8 per cent serum solids, a 12 
per cent fat, 9.6 per cent serum solids and a 12 per cent fat, 11 per cent serum 
solids mix was 10, 20 and 50 per cent, resiDeetively. 

M33. Factors Affecting the Oxygen Content of the Gaseous Phase of 
Packaged Whole Milk Powder. J. H. Hetrick anu P. H. Tract, 
University of Illinois^ Ur'bana, III. 

Particles of spray-dried milk powder contain occluded oxygen which is 
not removed by the ordinary process of gas packing. Packing milk powder 
in an atmosphere extremely low in oxygen content, therefore, becomes a 
loroblem of control of occluded oxygen as well as one of proper technique in 
packing. The oxygen entrapped in the pax'ticle slowly diffuses into the 
headspace until equilibrium is reached with respect to oxygen concentration 
inside and outside the particles. By means of the values for oxygen concen- 
tration in the headspace gas immediately after packing and after diffusion 
was complete, the relative volume of oxj^gen entrapped per gram of powder 
was calculated for the milk powders reported in these experiments. 

Difference in manufacturing procedure accounted for some differences 
in the oxygen content of the powder when a standard procedure for gas 
packing was used. 

Wlien the method of spraying was varied, the powder dried using a small 
orifice and high pressure contained a higher oxygen content per gram than 
that dried using a larger orifice and lower pressure. 

When the method of spraying was fixed and the total solids of the con- 
densed varied from 31-38-45 per cent total solids, the powder made from 
the condensed having the highest total solids showed the lowest oxygen 
content per gram. 

Powder packed from the drier at a temperature of approximately 120- 
125° P. showed less oxygen content per gram than powder cooled to 60° P. 
before packing. 

Powder packed immediately after drying at 120-125° P. showed a lower 
qxygen content per gram than powder aged 18-24 hours before packing. 

The addition of 200 parts per million of sodium ascorbate to the con- 
densed before drying resulted in a lower oxygen content per gram of powder 
over the control with no treatment. 
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When air was incorporated in dlie condensed miik before drying by 
agitation while spraying, an increase in oxygen content per gram of powder 
was noted over the control in which special effort was used to keep the 
amount of air incorporated at a minimnia. 

It would appear from the data that the amount of oxygen entrapped 
per gram of powder was in part a function of the oxygen dissolved in milk 
before drying. 

The results of a study of some of the factors in technique of gas packing 
sho'wed that when evacuating to an absolute pressure of 3 mm., no appreci- 
able lowering of oxygen content was noted by holding at this pressure for 
longer than 10 minutes up to 40 minutes. When powder was packed warm, 
an increase in oxygen content was observed as the length of time elapsing 
on soldering was increased. Under the conditions of the experiments re- 
ported, it appears that if proper methods are used in preparing the milk for 
drying, evacuation to an absolute pressure less than 12 mm. was necessary 
to meet the 3 per cent by volume maximum oxygen requirement as specified 
by the Quartermaster Corps. 

It seemed that in control of oxygen content, the factors in the technique 
of packing showed more variation than factors in processing and that multi- 
ple gas packing was the most effective method for reducing the oxygen con- 
tent to a minimum. 

M34. The Keeping Quality of Commercial Dried Whole Milk Packaged 
in Air and Nitrogen. G. R. Greenbank, P. A. Wright, and E. P. 
Deysher, Bureau of Dairy Industry, U. S, Department of Agricul- 
ture, Washington, D. G, 

A study was made of the effect of inert gas on the keeping quality of com- 
mercially manufactured and packed dried whole milk. The general con- 
clusions are based on a study of 1,500 1-pound tins of dried whole milk, and 
specific data are presented on 350 tins of the spray-dried product Pack- 
aging in inert gas, with approximately 3 to 4 per cent of oxygen in the con- 
tainer, may be conservatively assumed to increase the keeping quality at 
least 100 per cent, compared with packaging in air. A comparison of accel- 
erated and normal aging was made. Flavor and peroxide values were used 
as indices of the keeping quality, and are discussed. 

M35. Further, Observations Dealing with the Behavior of Ascorbic Acid 
in Evaporated Milk, D.'T, Josefhson and P. J. Doan, Pennsyl- 
vania Agricultural E^x^penmeniSiatim, BtzU 

A comprehens,ive survey of the ascorbic add content ofeoffiJherci^l 
evaporated milks was conducted and reported, “-previotisly as well as a study 
of fortification of evaporated milk with'' this vitamin.' 
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Keeent work dealing witii fortification at Mglier levels shows that addi- 
tions up to 100 mg. per liter (reconstituted) are practical. However, at 
this level there is some evidence of protein de-stabilization or coagulation 
during sterilization. This instability characteristic can be controlled by the 
use of the commonly used stabilizing salts. 

Studies with the use of the stabilizing salts show that, on a molar basis, 
sodium citrate is most effective in preventing coagulation, with disodium 
phosphate and sodium bicarbonate somewhat less effective. 

High temperatures of storage result in greater loss of ascorbic acid than 
are experienced at lower temperatures. 

It has been found that the copper content of the milk is gradually de- 
pleted as the storage period progresses. 

When infant formulas are prepared from fortified evaporated milk and 
stored at home refrigerator temperatures, the loss of ascorbic acid is sur- 
prisingly low during a 72-hour period. Boiled formulas show somewhat 
higher losses than unboiled. 

M36. A Comparison of the Different Types of Sweetening Agents as 
Preservatives of Condensed Milk. W. A. Hoskisson, P. H. Tract, 
AND M. J. Prucha,’^ University of Illinois, Urhana, III, 

Six sweetening agents, sucrose, dextrose, Frodex, Sweetose, Confec- 
tioners’ corn sirup and invert sirup were compared to determine their pre- 
serving power in both sweetened condensed skimmilk and sugar-broth solu- 
tions. 

Six microorganisms, Escherichia coli, Staphylococcus aureus, Micro- 
coccus pihowskyi, a heat resistant organism isolated from evaporated milk, 
Saccharomyces cerevisiae, and a yeast isolated from corn sirup, were used 
as test organisms to determine the preserving properties of the six sweet- 
ening agents. 

Both the sugax'-broth solutions and the sweetened condensed skimmilk 
samples were stored at room temperature for the entire period of the study. 

The sugar-broth and sweetened condensed skimmilk were plated at the 
beginning and periodically during the study to determine the number of 
organisms surviving in the samples. The bacterial plates were incubated 
at 32° G. for three days and the yeast plates at approximately 24°" C- for 
5 days. 

Prom the sugar-broth experiments it was found that those sweetening 
agents such as invert sirup, Sweetose and the dextrose-sucrose combination 
which are high in monosaccharide content were more effective preserving 
agents than those low in monosaccharide contents such as Frodex, Confec- 
tioners’ corn sirup or a disaccharide such as sucrose. 

^ Emeritus. 
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Tlie preserving action of the sugars in the broth solutions varied with 
the organism concerned. The yeast isolated from corn sirup was not inacti- 
vated in a total sugar-water content of 68 per cent when using sucrose, 
Frodes or Confectioners^ corn sirup, while with the dextrose-sucrose combi- 
nation 66 per cent sugar-water solution w'as sufficient to stop its growth. 
The growth of the yeast was stopped by a 62 per cent solution of invert sirup. 
Tlie bacteria were generally inactivated at a lesser eoncentration of the 
sweetening agents than this yeast. Saccliaromyces cerevisiae was inacti- 
vated by all the sweetening agents in a 60 per cent sugar-broth solution. 

The preserving action of the -six sweetening agents was studied in sweet- 
ened condensed skimmilk containing 42 per cent sugar, 50 per cent of which 
was sucrose and 50 per cent supplied by one of the other sweetening agents. 
In the sweetened condensed skimmilk, as hi the sugar-broth solutions, those 
sweetening agents high in monosaccharide content were, in general, better 
preserving agents than those loiv in monosaccharide content or disaccharide 
such as sucrose. 

In using the Frodex or Confectioners’ corn sirup, it ivas found that these 
products had a tendency to cause thickening of the milk if used in quantities 
as high as 50 per cent of the sugar needed in the condensed milk. It is 
recommended that the replacement be limited to 25 to 33.33 per cent. 

In using invert simp in sweetened condensed skimmilk, it was found that 
this product, though excellent as a preserving agent, had a tendency to cause 
a brown color to develop in the product as it came from the vacuum pan. 

In general, sweetening agents high in monosaccharide content, such as 
invert sirup, Sweetose, and Cerelose, are more efficient preserving agents 
than those low in monosaccharide content such as Frodex or Confectioners’ 
corn sirup or a disaecharide such as sucrose. 

As the eoncentration of the sTveetening agent is increased its preserving 
power is also increased. 

Sweetose is a more efficient preserving agent than either Frodex or Con- 
fectioners’ corn sirup. Its greater preserving power is evidently due to its 
higher total sugar and monosaccharide content. 

The preserving action of any of the sweetening agents used varies with 
the organism eoncerned. 

Sweetened condensed milk containing 28 per cent milk solids and 42 per 
cent sugar, 50 per cent of which is sucrose and 50 per cent of either invert 
sirup, Sweetose or Cerelose compared to sweetened condensed milk made 
with 100 per cent sucrose, the former products can be safely stored at room 
temperature without danger of spoilage by most bacteria or yeast. 

Until more is known about the nature and structure of cellplasma mem- 
branes and mechanisms by which substances in solution pass through them, 
it is not possible to state how sweetening agents exert a preserving action on 
microorganisms. 
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M37. Iron Content of Evaporated Milk as Related to Greenish-Black 
Discoloration in Mixtures of Coffee and Evaporated Milk. W. C. 
CoLB AND N. P. TarassuKj University of Calif ornia, Davis^ Calif. 

Evaporated milk is often added to coffee as a means of modifying the 
color and fla^'or. Under certain conditions a dark-greenish or greenish-black 
discoloration occurs as soon as the milk is added. Although this pheiioiiienon 
is fairly eomiiioiiy apparently neither the evaporated-milk industry nor dairy 
research workers have seriously studied the problem. 

Observations with common commercial brands of evaporated milk re- 
vealed that this discoloration did not appear w^heii milk from freshly opened 
cans was added to coffee, but that it sometimes developed when milk was 
stored in the opened can. The discoloration occurred more often if only a 
little milk was left in the can. Once it had appeared, it became more intense 
as the time of holding was prolonged. 

The iron content of evaporated milk has been shown to increase rapidly 
after cans of milk are opened, especially if they are only a fourth or less full. 
This iron reacts with the tannin or tannin-like substances in coffee to pro- 
duce the color change. Phosphates and citrates added to evaporated milk 
may modify the results, but if used within the limits of commercial practice 
will not significantly influence the tendency toward this discoloration. The 
reaction of the eoffee-and-milk mixture likewise influences the results, since 
the extent of discoloration as well as the color itself depend upon the pH 
of the system. 

Evaporated milk that has been stored in glass or porcelain after the can 
is opened -will not cause the greenish-black discoloration when added to 
coffee. If the milk must be held more than 4 or 5 days after opening, it may 
well be poured into a suitable container. 

M38. Can we Hold Our Wartime Marketing Gains in Postwar Adjust- 
ments? C. G. McBride, Ohio State University^ Columhus^ Ohio. 

Wartime savings in milk marketing have been in reduction of use of 
trucks, tires, and gasoline in country assembling and city distribution, the 
considerable saving of man power due to every-other-day delivery and some 
reduction in number of products and packages carried. These savings are 
shown by research in many states on country hauling and New J ersey, New 
York, and Ohio on city distribution. 

Sherman, of the Ohio Agricultural Experiment Station, estimates a 
possible saving of 20 per cent in country hauling. Not all of this has yet 
been made. Spencer, of Cornell University, has shown that costs of distribu- 
tion have been lowered in cities in New York and New Jersey by reduction 
in number of deliveries. McBride and Keith in Ohio found reduction in 
mileage as high as 40 per cent and in drivers employed as high as 21 per cent. 
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Wiietiier these marketing gains can be held depends upon several factors, 
including the attitudes of producers, dealers, labor, and the consumer. Ohio 
research indicates a high degree of consumer acceptance and cooperation in 
the matter of fewer deliveries and a narrower range of products. It was 
evident from the comments of 1,628 housewives interviewed that by many 
it was considered a patriotic duty to take such minor inconveniences as a 
part of wartime sacrifice. They were also favorably impressed by the fact 
that prices of dairy products had not gone up as fast as those of many other 
foods. 

If wartime -gains are held in the postwar period it will be because of 
sound economic solutions of the followdng problems: 

1. Will farmers be willing to continue with milk trucking as adjusted 
under the Office of Defense Transportation? 

2. Will pressure be brought by labor unions to increase the number of 
jobs in milk delivery resulting in return to daily delivery and lighter 
loads? 

3. Will dealers in a fierce competitive struggle again multiply the ser- 
vices and variety of products offered the housewife and thereby 
increase again the costs of distribution ? 

4. Will housewives continue their favorable attitude and be willing to 
hold the gains made or will they ask for a return of the old system 
even at greater cost. 

It is difficult to get the answers to these questions in advance. A study 
just completed in Coshocton, Ohio, in which 587 housewives were inter- 
viewed, throws some light on present thinking on two points. They were 
asked if they would be satisfied with one cream of 30 per cent butterf at after 
the "war. Only 187 of the 587 had bought cream the week of the survey. Of 
these, 157 said yes and 30 said no. The response with respect to every-other- 
day delivery was more conclusive. Four hundred and two took all or part 
of their milk by home delivery. Of these 327 expressed a willingness to 
continue on every-other-day delivery and 53 said they w^ere not willing, and 
22 did not commit themselves. 

In the final adjustment much will depend upon the bargaining strength 
of the producers, dealers, and labor. If no one of these three groups have 
disproportionate power Ike chances are good that many of the marketing 
gains made under the stress oi wartime regulation may be held. The extent 
to which the government will remain in the picture will depend upon how 
well the industry through cooperative efforts succeeds in holding the gains. 



THE TRAINING AND EMPLOYMENT OF MILK SANITARIANS: 
A COMMITTEE REPORT* 


H. P. JUDKINS^ Chairman, P. H. HERZEK, L. H. BEEGWALI), P. H. TRACY, 

C. E. WYLIE, AND C. L. ROADHOUSE 

American Dairy Science Association 
DEFINITION OP ‘"milk SANITARIAN’^ 

After spending considerable time in the study of the duties of this com- 
mittee, it occurred to the chairman that ‘^milk sanitarian” should be defined. 
He therefore wrote to a number of milk control officials asking them to define 
^^milk sanitarian.” Several replies were received. 

President G. A. Abele, of the International Association of Milk Sani- 
tarians, has paraphrased Article II of their constitution to define a milk 
sanitarian as follows: ^^A milk sanitarian is one who is interested in the 
development of uniform and proper supervision and inspection of dairy 
farms, milk and milk products establishments, and milk and milk products ; 
in the improvement in quality of dairy products and the technological 
development of dairy equipment and supplies ; and in the dissemination of 
useful information regarding dairy sanitation, technology, inspection and 
administration.” This definition is perhaps a little long, although quite 
fully descriptive. 

The following definition from Mr. W. D. Tiedman, of the New York State 
Department of Health, is brief and yet very much to the point: ^^A milk 
sanitarian is a person making a profession of the application of sanitary and 
health measures to the production, processing and distribution of milk and 
milk products for the public benefit.” 

Mr. A. W. Fuchs, of the U. S. Public Health Service, also gives us a con- 
cise definition : A milk sanitarian is a person who is qualified by technical 
training and experience to supervise the production, processing and distri- 
bution of an adequate supply of clean, safe, palatable milk and milk ' 
products in the interest of public health.” 

It is certainly gratifying to note in Mr. Fuchs’ definition the statement 
which should probably be underlined several times, *Gn the interest of public 
health.” Milk control agencies and officials should always be sure every 
regulation issned is directly related to public health. Sometimes they are 
related only to the economics of business operation. 

DUTIES, GENERAL QUALIFICATIONS, EDUCATION AND TRAINING 

A letter was wintten to a considerable number of milk sanitarians and 
■ * Reprints of this report may he obtained by writing to R. B. Stoltz, Secretary- 

Treasurer of the American Dairy Science Association, Colnmbns, Ohio, previons to Novem- 
ber 1, 1944. 
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Iieacls of dairy departments to get their conception as to the duties, general 
qualifieationSj education and training of a milk sanitarian. The replies from 
these people are summarmed as follows : 

Duties 

1. Inspect daily farms, recemng stations and processing plants. 

2. Supervise design of plants and construction and remodelling of farm 
dairy buildings. 

3. Approve design and test the operation of equipment. 

4 . Enforce health regulations, and administer licensing system. 

5. Prevent spread of disease. 

6. Check operations of water and sewage i^lants and the safety of water 
supplies. 

7. Judge dairy products quality. 

8. Inspect health of cows. 

9. Make special investigations such as suspected milk^borne outbreaks. 

10. Make chemical and bacteriological examinations. 

11. Kepreseiit health department's case in court. 

12. Eecognize infectious disease hazards among employees. 

13. Inspect dairy vehicles in city. 

14. Determine temperature of milk products. 

15. Collect samples. 

16. Prepare and keep accurate reports. 

17. Answer complaints and inquiries. 

18. Discuss policies with Public Health Engineer. 

19. Help train new inspectors. 

20. Increase consumption of dairy products by building confidence in 
them. 

21. Keep up-to-date by : 

(a) Joining organizations that will increase knowledge, 

(b) Attending short courses of instruction. 

(c) Eeading technical and trade publications, 

(d) Trying out new ideas that seem practical. 

22. Assist producers and operators in solving their sanitation problems. 

23. Promotion of adoption of a satisfactory ordinance or amendments 
thereto. 

General Qualifications 

A milk sanitarian must have ^‘common sense/’ sound judgment and the 
makings of an administrator. He should be able and willing to teach others. 
He must be diplomatic, alert and practical. He must have a good person- 
ality, be able to sell his service and be interested in people. He must be 
able to gain the confidence of producer, distributor, and consumer, always 
of unquestioned integrity and never showing partiality. He must be in 
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good healtli, with energy and enthusiasm for his work. A keen interest in 
public health is an important qualification. 

Education 

It is the opinion of the eoinmittee that the educational experiences of the 
student training for employment as a milk sanitarian should be somewhat 
broader than those provided by the usual dairy eurrieulum. Courses should 
be selected to provide a working knowledge in the following subjects : 

Feeding, breeding and management of dairy cattle ; 

Veterinary science as related to the anatomy and diseases of dairy cattle 
and the relation of these diseases to a safe milk supply and the eco- 
nomies of production; 

Sanitary engineering — sanitary supervision of ground water supplies ; water 
filtration and treatment; elilorination equipment and its use; domes- 
tic and creamery waste disposal ; air conditioning ; humidity control ; air 
filtration; sanitary plumbing and drainage; vermin, rodent and fly 
control ; 

Dairy products processing including sanitary quality of all ingredients used 
other than dairy products ; 

Eelation of milk to the public health emphasizing modes, of infeetion, car- 
riers, protective measures, medical examinations and procedures, epi- 
demiology, diseases of man transmitted through milk ; 

Food chemistry with necessary prerequisites; 

Dairy and pathogenic bacteriology with necessary prerequisites ; 

Dairy engineering emphasizing refrigeration, heat transfers, temperature 
control, electric appliances and control, operating methods and mainte- 
nance of dairy machinery, sanitary design and construction of dairy 
equipment and dairy buildings, plan reading; 

Mathematics, physics and accounting ; 

Federal, State and Municipal law enforcement ; 

Costs and methods of jirodnetion, transportation, processing and distribut- 
ing milk and its products; 

Laboratory control and analysis of milk and milk products ; 

Course should iueliide six months to a year of ‘^intern training’^ with se- 
lected health departments or leading processors of milk or milk products 
engaged in progressive quality improvement program ; 

English, including public speaking ; 

A course dealing with the appraisal of the U.S.P.H.S. Standard Ordinance 
and other ordinances to include the technique (with practice) of making 
farm and plant inspections ; 

_ Business administration. 

One health officer states in effect that large state and city health depart- 
ments can emploj" specialists, and those wuth the best personalities and who 
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develop the best administrative ability are the ones likely to rise to the top 
positions. Thus it is pointed out that sanitary engineers with some dairy 
training may be expected to make the best plant equipment and plant 
process specialists. Veterinarians should make the best farm inspectors. 
Laboratory testing can be done by dairy bacteriologists and chemists. 

While a four-year college course might fit one to take up this specialized 
worky graduates in dairying, veterinary science and engineering, as courses 
are now offered, will find it to their advantage to take graduate work which 
will the better fit them for the complete duties of the milk sanitarian which 
ill the majority of cities in the country they may be called upon to perform. 
The extra training will also stand out in good stead in the large health 
departments. 

Training and Experience for Key Positions 

The selection or advancement of men to key positions should be largely 
dependent upon experience in the production and handling of milk, the 
processing of milk and milk products, and in milk sanitation work, together 
with a demonstrated executive ability. 

One Bureau Chief puts it this way: “In my opinion the duties of milk 
sanitarians should become progressively more of an administrative nature 
as they gain experience. Beginners should be assigned the simpler tasks 
such as sample collecting. As they gain experience, they should be assigned 
to daily farm and pasteurizing plant inspection, then they may be called 
on to assist in the investigation of milk supplies under suspicion as respon- 
sible for milk-borne outbreaks and to participate in educational programs 
such as training new inspectors and presenting discussions to the general 
public. Finally they may be given the full responsibility for the adminis- 
tration of a program in milk sanitation for a municipality, district or state. 
This would include the making of decisions as to where to place the effort, 
the assignment of work to subordinates and the establishment of pro- 
cedures.” 

DOES THE COUESE OP STUDT POLIiOWED BY DAIRY MAJORS IN OUR 
UNIVERSITIES AND COLiLEGES ADEQUATELY EDUCATE THE 
STUDENT TO BECOME A MILK SANITARUn! 

' Professor Ely, of the University of Kentucky, in the Journal of Milk 
Technology for May 1938, in summarizing a survey entitled “What the Col- 
leges Are Doing in the Training of Milk Sanitarians,” reported an estimated 
number of 140 four-year graduates in dairying, located in 37 states, were 
engaged in milk-inspection work. Nevertheless, if we assume that the 
aforementioned statement on educational requirements represents a fair 
composite picture of the courses that should be taken by a man planning to 
become a milk sanitarian, then we would have to conclude that one could 
not hope to take all of the courses mentioned in four years of undergraduate 
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work. It seems evident that a special undergraduate curriculum to educate 
a person to become a milk sanitarian is not warranted by the opportunity 
that he is likely to have in this profession. The best that can be done is 
to encourage the dairy major, who thinks he might like to be a milk sani- 
tarian, to elect a course or two in sanitary engineering, some work in public 
health, some work in veterinary science as related to the anatomy and dis- 
eases of dairy cattle and the relation of those diseases to a safe milk supply, 
a course in dairy engineering which emphasizes the design and construction 
of farm dairy buildings and processing plants, plan reading, and the sani- 
tary design and construction of dairy equipment. 

When one is certain that he is going to make his life work that of a milk 
sanitarian, he will do ivell to take graduate W'Ork since he will find it impos- 
sible to take ail of the work that would be of direct benefit to him in a 
four-year dairy course. 

OPPORTUNITIES FOR THE DAIRY GRADUATE AS A MILK SANITARIAN 

In the Army, On December 22, 1943, Major G. J. Babcock, a member of 
this committee, and your chairman had a conference with General R. A. 
Kelser, head of the Veterinary Corps. As a result of this conference the 
following statement has been prepared : 

The Medical Department of the Army is directed by The Surgeon 
General, Major General Norman T. Kirk. There are ten Service Commands 
in the United States and Alaska. The Medical Department services in these 
respective Service Commands are under the jurisdiction of a surgeon at 
Service Command Headquarters. Included in the various Medical Depart- 
ment installations and facilities in each of the ten Service Commands is a 
laboratory which, in addition to other functions, routinely examines food 
specimens which are sent to the laboratory by Medical Department officers 
on duty in the geographical area of the Service Command. These labora- 
tories are well equipped and are conducted by officers of the Medical 
Department, including Medical Corps, Veterinary Corps and Sanitary 
Corps. In addition to the Service Command laboratories many of the larger 
posts, camps and stations have laboratories which are operated in connection 
with the post, camp or station hospital. Many of these station laboratories 
are equipped to do bateriological and chemical control work in connection 
with milk and dairy products. 

The Service Command laboratories are fully capable of meeting all Med- 
ical Department requirements not handled by post laboratories. There has 
been an opportunity for some men trained in dairying, particularly those 
having had considerable bacteriology and chemistry and laboratory experi- 
ence, to be placed in both the Service Command and station laboratories, and 
some dairy graduates are so engaged. Some of these men hold commissions 
in the Sanitary Corps and some are on duty as enlisted technicians. 
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Tlie V-eteriiiary Corps, of wliich General Kelser is in charge, is a branch, 
of the Medical Department operating under the Surgeon General. The 
functions of the Veterinary Corps fall in two distinct categories — ^those 
having to do with the health of military animals, and those pertaining to 
the inspection of meats, meat-food and dairy products. 

The Veterinary Corps is responsible for the evacuation and medical and 
surgical care of sick and wounded animals; the management and control 
of veterinary military hospitals and all other veterinary units ; investigation 
of the hygiene and the sanitary condition of the animals of the Army; 
advising as to methods of animal management ; instructing military person- 
nel in animal sanitation and management ; and the inspection of forage. 

In connection wuth its food inspection functions, the Veterinary Corps 
is charged with the inspection of all food products of animal origin, which 
of course includes milk and its products. Thus, it will be seen that dairy 
products inspection is not the major part of the job of the Veterinary Corps. 
Except for a few dairy specialists, there is no such thing as a full time dairy 
inspector in the Army nor would it appear that there could he, since the 
bulk of the work that has to be done by the Veterinary Corps is foreign to 
the experience and training of the dairy student or milk inspector. 

Men holding a Eeserve Officer’s commission as a result of R.O.T.C. 
training in college when entering the Army are generally assigned to the 
branch of service for which their R.O.T.C. training qualifies them. While 
occasionally such a person with dairy training might be transferred for 
special milk work, this is rarely done. 

When the dairy graduate who does not hold a commission is inducted 
into the Army, he reports along with everyone else inducted into the Army, 
to an induction center. He then proceeds to a reception center and from 
there to a replacement training center. Such of these men who go to a Medi- 
cal Department Replacement Training Center are given a course of basic 
military training supplemented with special studies to fit them for Medical 
Department duties. At these medical training centers, the dairy graduate, 
for example, might, after his training, have an opportunity for assignment 
to a Service Command or post laboratory, or for work as an assistant to a 
veterinary officer who' would be in charge of food inspection work, including 
milk and its products. Whether or not any of these men would subsequently 
have an opportunity of obtaining a commission would depend upon military 
requirements and vacancies, particular qualification, demonstrated pro- 
ficiency, etc. 

The Reception Centers often have more men with training or experience 
in a particular field, dairying for example, than there are places in the Army 
for men with the particular type of training. This, in part at least, explains 
why the men are not always placed where they feel tliej^ can make best use 
of their experience. 
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General Kelser explained that in the inspection of milk supplies for the 
Army it is not the purpose to take over the functions of local health officers 
or milk control officials. The purpose is to work with local authorities and, 
where satisfactory conditions ai*e found, the Army’s inspection of milk 
plants is then limited to periodic cheek inspections to insure that good con- 
ditions continue, and to bacteriological, chemical, and other laboratory tests 
of the delivered milk. In some areas local health authorities for various 
reasons are unable to do as good a job on their own account as they should, 
or to cooperate satisfactorily. Where this happens, the Army obviously must 
give more attention to milk control measures in the area than would other- 
wise be the case. It is definitely the policy of the Veterinary Corps in their 
milk inspection w-ork to regularly analyze samples of the product in the 
post command laboratories and -where the results indicate the product is 
satisfactory, particularly such things as the bacterial count and the eoliform 
count, and the phosphatase test, very little time is spent by a veterinarian 
or one of his assistants in inspecting the farms where this milk is produced 
or the plant where it is processed. That undoubtedly explains to some 
degree wdiy some dairy plant operators feel that veterinarians or their 
assistants who visit their plants spend little time in them and seem to 
know so little about product processing. While, as General Kelser ex- 
plained, it is, of course, true that many of the veterinarians have not had 
extensive experience in plant processing, they have had basic training in 
food handling and control. Furthermore, a refresher course is given to 
groups of tw’enty to twenty-five veterinary officers each month at the 
Chicago Quartermaster Depot in Chicago. In these courses some time is 
devoted to milk and dairy products. 

Tlie above should explain why the number of jobs for dairy graduates 
doing milk and dairy products inspection work in the Army is limited. The 
inspector apparently has to be an overall pimpose animal food inspector; 
and certainly with the basic training that veterinarians get, it is compara- 
tively easy to train them to do wffiat dairy products inspection is necessary, 
w’liereas it ivould be entirely impractical to train a dairy graduate in what 
a veterinarian knows about the inspection of meat, eggs, poultry and the 
care and treament of anijnals, etc. The Veterinary Corps will do well in 
designating men for milk inspection work to try to select men endowed with 
better than the average amount of practical common sense. Several milk 
sanitarian associations have voiced their sentiments that qualified milk sani- 
tarians should be used in the armed services whether or not they are veteri- 
narians, but the answer has alivays been that it is ‘‘contrary to policy.” 
Thus a committee of the New York State Association of Milk Sanitarians 
concludes in their 1943 report, “The Committee now feels that the only 
approach to the problem is a long-range program of education. The proper 
recognition of the qualified milk sanitarian should be established in civilian 
capacity as well as in the armed forces.” 
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In the U, S. PiMic Health Service. The following statement is copied 
from the Journal of Milk Technology, November-Deeember, 1943 : 

Dairy Graduates in U.S.P.H.S. 

“In Mr. Sydney Shepard’s article on the educational background of 
milk sanitarians in the July-August issue, the following statement appears 
on page 235 : ‘Today, only sanitary engineers may hold commissions as milk 
sanitarians with the IJ.S.P.H.S.’ I wish to point out that this was formerly 
the ease but is no longer true. During 1943 a number , of dairy graduates, 
veterinarians, bacteriologists, etc., have been commissioned for active duty 
on milk and food sanitation in the Public Health Service Eeserve, and addi- 
tional appointments are being processed. Other milk sanitarians on duty 
under Civil Service may be eligible for commission but prefer not to apply. 
Of the 30 milk and food sanitarians appointed to date for field duty, 5 are 
engineers (all commissioned), 4 are veterinarians (2 commissioned), 7 are 
bacteriologists, biologists, etc. (2 commissioned), and 14 are dairy gradu- 
ates (10 commissioned). It is evident, therefore, that dairy graduates 
constitute the largest single professional group of Public Health Service 
milk sanitarians, both in total number and in commissioned personnel, and 
that engineers comprise a small minority. 

“The question of the proper qualifications for milk sanitarians is indeed 
a complex problem and one which must be treated with diplomacy and 
mature Judgment so as to avoid apparent favoritism toward one group or 
another. Persons with several different types of education can and are 
rendering valuable service in milk sanitation work. The present war con- 
ditions demand the best efforts of milk sanitarians as individuals, the proper 
utilization of the skills of all of them, and above all the greatest possible 
unity of effort. 

“Very truly yours, 

“A. W. Fuchs 

Sanitary Engineer Director 
in Charge, Milk & Pood Unit” 

In City and State Health Departments. The number of positions carry- 
ing considerable responsibility and paying what might be considered an 
adequate salary that are available in city and state health departments is, 
of course, limited. Frequently dairy graduates engage in this work and 
then drift into other fields of work. Professor Ely, in the report above 
referred to, has found that this was the trend in 20 states. The matter of 
political pressure on workers and the polities entering into the matter of 
salary increases were given as the principal reasons why dairy graduates 
shift from health department work to other fields. 
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In Private Industry. More and morej private industry is carrying on 
quality control work on milk and milk products, and naturally this is a more 
attractive field to the dairj" graduate from the matter of salary and oppor- 
tunities for advancement. The fact that up to the time the war started the 
commercial dairy industry had been able to absorb practically all of the 
good four-year dairy manufactures graduates to engage in various activities 
in the business is undoubtedly one of the principal reasons why more of 
these graduates have not entered or continued to work for public milk 
quality control agencies. 

SUMMARY 

1. Three definitions of a milk sanitarian are presented, 

2. Based on correspondence with several milk sanitarians and the heads 
of several dairy departments, the duties, general qualifications and the type 
of education and training for a milk sanitarian have been listed. 

3. It is concluded that courses in dairying, as now offered, do not com- 
pletely educate a student in all of the qualifications of a milk sanitarian. 
It is felt that a special course to do this is not justified. A student who 
thinks he might like to engage in milk sanitation work should be encouraged 
to elect certain courses, along with his dairy work, and if he expects to go 
far in the milk sanitation field, he will do well to do graduate work so that 
he can get more of the courses that will be helpful to him. 

4. Due to Army policy, there appears to be little or no opportunity for 
the dairy graduate to be commissioned to do milk sanitation work in the 
Army. The committee urges that the American Dairy, Science Association 
use its best efforts to improve this situation.'*' 

5. It is apparent that opportunities for dairy graduates to do milk sani- 
tation work do exist in the United States Public Health Service. 

6. There are opportunities for dairy graduates in milk sanitation work 
in City and State Health Departments but the future which the positions 
offer and the rate of pay are such as to make the positions rather unat- 
tractive. 

7. There is more and more opportunity for the dairy graduate to do milk 
sanitation work in private industry. These positions are attractive because 
of the wide possibilities of advancement in the industry. 

* See resoiution passed by The American Dairy Science Association at the Annual 
Business Meeting, June 22, 1942. 




THE THIETY-NINTH ANNUAL MEETING OF THE 
AMEEICAN DAIRY SCIENCE ASSOCL^TION 

E. B. STOIiTZ^ Secretary-Treasurer 

The American Baiiy Science Association asseinhled in Campbell Hall on 
The Ohio State University campus at Colnmbus, Ohio, on Tuesday, June 20, 
1944, at 10 A.M. 

Dr. Arthur C. Dahlberg, President of the American Dairy Science Asso- 
ciation, called the meeting to order, and presented the following officers: 
Vice-President Arthur C. Eagsdale, Directors P. H. Tracy, C. L. Blackman, 
R. B. Becker, W. E. Petersen, 6. M. Trout, H. P. Davis, Editor T. S. Sutton, 
and Secretary-Treasurer R. B. Stoltz. 

Dr. Howard L. Bevis, President of The Ohio State Unh^ersity, was then 
introduced and delivered an address of welcome. 

President A. C. Dahlberg gave the followdng response : 

President's Address 

THE APPLICATION OF SCIENCE TO THE DAIRY INDUSTRY 

A. C. DAHLBERG 

Last year our president, H. P. Davis of Nebraska, gave us a very inter- 
esting and scholarly address on the subject of dairy science. It seemed to 
me to be appropriate to follow^ his address by one dealing more specifically 
with the application of science to the development of the dairy industry. 

Progress in dairy science and in the dair 3 " industiw in this country has 
been very rapid, yet it might also be considered as very slow, depending 
upon the point of view. It has been very rapid in that the present modern 
commercial dairy industry has developed principally within the last fifty 
years. It is often said that during this period more progress has probably 
been made than in all previous history. Milk plants, cheese factories, ice 
cream plants, and condensed and dry milk factories were minor factors in 
marketing and processing milk and its products over fifty years ago. At 
that earlier time, within the memory of our older members, the feeding, 
breeding and management of dairy cattle was primitive indeed when con- 
sidered in comparison with scientific feeding, herd testing, constructive 
breeding, and artificial insemination of today. On the other hand, progress 
has been very slow indeed when one views the situation from the viewpoint 
of the progress in the establishment of new dairy practices and products of 
the past half century. 

We have been such enthusiastic worshippers of scientific research that ' 
there is a tendency to overemphasize the true significance of each individual 
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discovery and to exaggerate its effect upon the dairy industry. My purpose 
is to point out that few individual discoveries have materially affected the 
dairy industry but the total of these little additions to our knowledge has 
produced continual slow progress. Let us consider the facts, that our 
prospectus may be more accurate. 

Dairy Cattle Breeding and Milh Production 

Textbooks written about 1850 to 1890 describe all the present breeds of 
dairy cattle now important in the United States. Photographs of Ayrshire, 
Jersey, Guernsey, Holstein, and other cattle show types that can be easily 
recognized today. Many of the illustrations could be used in modern books 
but few of these cows would place in present-day cattle shows. Advances 
in genetics have not developed a new or superior breed of dairy cattle. 

The purpose of the dairy cow is the production of large quantities of milk, 
the only substance produced by nature for exclusive use as a food, and it is 
surprising how much milk was produced by some of the dairy cows of the pre- 
ceding century. For example, Dr. E. Lewis Sturtevant, before he became the 
first Director of the New York Agricultural Experiment Station at Geneva 
in 1882, yras a noted breeder of Ayrshire cattle. A writer of that time wrote 
about Mr. Sturtevant’s herd that ''his herd of 65 Ayrshires in June, 1864, 
produced an average of 33 pounds of milk per cow.’' This writer also stated 
that "Good Jersey cows usually give forty pounds of milk per day when 
fresh and ten pounds of butter per week.” These are good records today. 
Doctor Sturtevant wrote a book, entitled "The Dairy Cow.” She was the 
Ayrshire. In this book are the following statements: "In 1873 General S. 
D. Hungerford of Adams, Jefferson County, New York, exhibited at the 
New York Fair at Albany an Ayrshire cow known as 'Old Creamer’ whose 
yield of milk has never to our knowledge been surpassed. Old Creamer is 
nine years old and weighs 1080 pounds. In three days she yielded the 
enormous quantity of 302 pounds of milk. . . . She gave 2820 pounds in 
the month of June ; an average of over 94 pounds per day, 2483 pounds in 
the month of July, an average of over 80 pounds per day.” About a decade 
ago I cheeked production of the Ayrshire herds of our colleges and I did 
not locate one cow that equalled or exceeded this production. 

Not all cows were good cows then and not all of the best farmers had 
good dairy cows. There were poor herds then as there are now. To illus- 
trate, George Washington, a master farmer of real ability, wrote to his 
farm manager a note in which he stated, "It is hoped and will be expected, 
that more effectual measures will be pursued to make butter for another 
year j for it is almost beyond the belief, that from 101 cows actually reported 
on a late innumeration of the cattle, that I am obliged to buy butter for the 
use of my own family.” 

The discovery of Mendel’s law of inheritance has added to our knowl- 
edge but has not materially advanced the breeding and production of dairy 
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cattle. The present deYelopment in proved sires, herd testing, and artificial 
breeding should greatly increase milk production for the first time in 
generations. The greatest advances ever made in the improvement of dairy 
cattle are just commeneiiig. Although some excellent research has been 
basic to this probability and must continue, the major effort to develop the 
program now must be in teaching and extension. 

Bawy Products 

Milk, cheese and butter are products mentioned in the earliest of historic 
writings. Dry and concentrated milks and ice cream were produced prior 
to the advance of modern commercial dairying. The question may he asked 
as to the dairy products that are new in the last half century. These prod- 
ucts, such as lactose, casein plastics and cloth, dried whey and others, 
represent a very minor portion of the dairy industry. No entirely new 
product of great importance at the present time has been invented. 

It would be incorrect even to imply that scientific research has not 
greatly assisted in the modern, great development of the dairy industry. 
Present-day dairying is dependent upon the accumulation of scientific 
knowledge and application to dairy practice. 

Perhaps the first modern advancement in scientific dairying that should 
be mentioned is a practical test to determine the fat content of milk. This 
test to us is that developed by Dr. S. M. Babcock, but in some other countries 
it is the test of Dr. N. Gerber. The contribution of Dr. Babcock in per- 
fecting the test consisted chiefiy in standardizing the strength of the acid 
and in developing a pipette to deliver the correct weight of milk for the 
test bottle employed. He used a centrifuge and a special test bottle, but 
these were not new. There were several tests then on the market that were 
more or less successful. Based upon present interpretation of patent laws 
I doubt that Dr. Babcock’s research of his test represented a dear-cut 
patentable invention. Nevertheless, I believe that this test is absolutely 
fundamental as the basis for modern commercial dairying, both production 
and manufacturing, and represents one of the great research developments 
of modern dairying. 

Another development of recent origin that has made modem dairying 
possible, especially the fluid milk industry, is pasteurization. It is true 
that Dr. Louis Pasteur applied his process to wine fermentations in 1864 
but he did not apply it to milk, and its application to milk and milk prod- 
ucts by others is of more recent origin. In this connection it is interesting 
that some boo'ks whose publication precedes the pasteurization of milk 
actually mention that scalding milk improved its keeping quality. Without 
pasteurization the maintenance of safe dairy products of good quality would 
not be possible as they need to be handled on a large-scale basis. 

The butter industry became a major branch of commercial dairying after 
the invention of the cream separator made it possible to eliminate gravity 
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skimming. Tlie eliief contribution of Carl Gtistaf DeLaval that made the 
centrifugal separator possible was the devising of a procedure to make the 
process a continuous one. DeLaval was not the first to remove the cream 
from milk by centrifugal means. The continuous cream separator made it 
possible to have a large factory system of manufacturing butter and is, 
therefore, one of the great developments of the dairy industry. It is of 
recent origin. 

Thus, the three great developments of the dairy industry of modern 
times aided recognized products and processes rather than created new 
ones. There are several products recently developed by research that are 
very important factors in the dairy industry. Process cheese by its uni- 
formity, keeping quality, and packaging has created new markets for cheese. 
Ice cream, concentrated milk, and dry milk are largely the result of a mass 
of scientific research and practical developments which has made them as 
they are today. Although Gail Borden is said to have invented condensed 
milk, he actually made it commercially feasible through the exclusion of 
air dnring concentration and the use of milk of good quality. Most of our 
major dairy products have been developed through much research and de- 
velopment and not through revolutionary scientific research. 

Progress on basic foods is seldom rapid. One of my purposes in this 
discussion is to emphasize that progress must be slow in the advancement 
of the production and processing of an agricultural good like milk and its 
products. The research program must be extensive, yielding information 
on many aspects of the subject. Some of the new facts explain why proc- 
esses must be as they are, others are informational only, while more limited 
facts are utilized to advance some phase of our industry. Each contribution 
in itself may seem small, yet each to a greater or a lesser degree adds to 
dairy knowledge to improve both science and industry. This should 
encourage us all to do our bit to the best of our ability with full knowledge 
that it rarely happens that a discovery is made that greatly affects the indus- 
try but that the mass of knowledge means progress. Actually more effort 
is often required to adapt and to promote the newer knowledge into the 
dairy industry than was required to discover it. 

In the fields of chemical and physical research the results often produce 
revolutionary products and processes that affect our whole nation. Auto- 
mohiles, radios and plastics are examples. Such research stimulates our 
imagination and brings new industries and products into our daily lives, 
but such research never has revolutionized the dairy industry. Such new 
industrial products then require manufacture and merchandising, but in the 
dairy industry there is need for an immense effort in teaching and extension 
to promote the newer knowledge as it applies to our older products. Such 
is the case for the discoveries of the excellent nutritive properties of dairy 
products for they do not create new products but require education of the 
people to use more dairy products for their improved nutrition. 
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Then too, the margin of profit in the dairy industry is too small to permit 
most extensive research and development of entirel}^ new products. The 
business from the farm to the consumer is so fixed in routine, regulations 
and margins of profit that it is more difficult to introduce radically different 
products. Some dairy companies are sufficiently large to maintain excellent 
research laboratories. Such research must be confined largely to projects 
which show promise of immediate practical application for it is not apt to 
be true in dairy research that studies of pure science may yield greatest 
dividends as so often occurs in chemical and physical research laboratories. 
Advances in pure science sometimes advance dairy science which in turn 
may improve our dairy practices. 

Dairy research for both dairy farmers and manufacturers of dairy 
products must be conducted chiefly by public research agencies supported 
by private and public funds. Private funds will need to be given more and 
more from current earnings rather than through inheritance as has been 
done in the past. Some excellent long-time dairy-cattle projects could be 
endowed in this manner. It would be most unfortiuiate for the public if 
the advances in dairy products were limited largely to the research of the 
larger dairy companies, important as their research may be. There is need 
for public research in food processing of the most important foods in the 
United States when viewed from both nutritional and financial standards, 
namely, milk and its products. It is only through such research that the 
entire industry may advance to the fullest extent. Our legislatures and 
agricultural leaders often overlook this fact. We have tended to take this 
advancement for granted because it has occurred in the past, or we have 
said that the dairy industry could serve itself by applying fundamental 
science to its problems. This application is often much more difficult to 
solve than the problem in fundamental science. 

The American Dairy Science Association 

As President of our Association it is proper in conclusion to comment 
briefly upon some aspects of its work and development. The Association 
has served well in many respects in aiding dairy science and the dairy 
industry. We have been rather modest in the publicity given to the work 
of the Association. This is undoubtedly a desirable virtue, yet it has tended 
to minimize somewhat the Association, particularly in the views of scientists 
in other professions. 

The tremendous amount of effort of the many committees of our Asso- 
ciation is scarcely appreciated even by our own membership. The accom- 
plishments of these committees are the reward of its members for their 
efforts. For example, consider the valuable work of the committee on the 
testing of dairy cattle for production and of the committee on standardiza- 
tion of technic of the Babcock test. Their recommendations are standard 
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procedures. Our Association serves as a common meeting ground to present 
tie work of our members. In normal times and in recent years, tie annual 
meeting ias been a combination of scientific work and social f ellowsiip that 
has been most conducive to good work and cordial relationships. 

The work of our Association must be centered in the Editor of the 
Journal and the Secretary-Treasurer. Both tasks require much effort and 
must be done extremely well by men of training, temperament and ability 
to do the work. Furthermore, both tasks must he done chiefly for the good 
of the Association, dairy science, and the dairy industry, for neither office 
is paid a salary sufficient to attract men of the ability required to do the 
work. The work of the Editor as shown in the scientific standards of the 
Journal of Dairy Science is a direct reflection on the character of onr mem- 
bership, which means you and me. It is brought to onr attention and to all 
readers each month as Journals arrive. The w^ork of the Secretary is not 
so obvious. He must guide our Association under the supervision of the 
Executive Board. It is no accident that our membership has increased 
about fourfold in the last fifteen years; that our income from advertising 
has increased about fivefold in this same time ; that the financial reserve 
of our Association has increased from nothing to an amount equalling a 
full year’s income; and that our membership fee has not changed while 
the size of onr Journal has more than quadrupled. These results are due 
in part to continual effort on the part of the Secretary for which he is paid 
for all his services the equivalent of a reasonable rate that would be charged 
by an advertising firm to secure the advertising alone. Our Association is 
fortunate indeed to have the services of our present Editor and Secretary. 
May we give them partial compensation for the splendid services which they 
render to our Association by our appreciation and loyalty. 

Let no one assume that our Association has reached its goal, its maximum 
development, and from now on we shall coast easily along. We must pro- 
gress or we shall go backward. I ivell remember when we were struggling 
to secure a membership of 400 ; now we have a larger attendance than that 
at our annual meetings. After this war there is an opportunity for a greatly 
increased sale of the Journal of Dairy Science outside the United States. 
Now our foreign subscriptions are subnormal. Our Journal is a leader in 
its field, it is improving, and these foreign workers need it more than ever 
bef ore. After the war there should be a material increase in the membership 
in our colleges. Men in commercial work have been joining our Association 
in increased numbers and they are especially welcome. These men are in 
research, production, and extension. Membership in the American Dairy 
Science Association of college workers in the research, teaching, or extension 
in all phases of the dairy industry is almost obligatory to keep abreast of 
the times. Our college men must be leaders in dairj^ education. The future 
of our Association is very promising. 
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Mr. Games Slayter, Vice-President in charge of research and develop- 
ment for the Owens Corning Fibergias Corporation, of Newark, Ohio, was 
then introduced and gave a very stimulating address, bringing out the need 
for more research in this country if we may expect to compete with other 
countiues. 

President Dahlberg then announced the Resolution Committee : 

PoRDYCE Ely, Chairman H. F. Judkins 

I. R. Jones C. R. Gearhart 

H. P. Davis 

He also announced that the Directors had accepted an invitation to meet 
at Iowa State College at Ames, Iowa, in 1945. 

There were 233 members present. The meeting adjourned at 11 : 40 a.m. 

GENERAL MEETING OF THE AMERICAN DAIRY SCIENCE 

ASSOCIATION 

Golumhiis, Ohio, June 22, 19M 

President Dahlberg called the meeting to order at 3 : 30 p.m. in Campbell 
Hall, there being 95 present. * ‘ 

editor’s report 

The Editor begs to submit the following brief report to the membership 
of the Association : 

A summaiy" of the Jonriial contents for the past five years is in the 
accompanying table. These figures are on a comparative basis and include 
the contents of twelve issues, July to June inclusive. 

It will be noted that, in spite of war conditions, contributions to our 
Journal have held up remarkably well. The number of original manu- 
scripts published during the past year is exceeded by that of only one pre- 
vious year, 1941-42. The articles were of somewhat shorter average length, 
and fewer pages were devoted to review articles resulting in a decrease of 
210 printed pages during the past year. 

Only one review article was published during the year; another has 
been received and will appear in the July issue. Several others are reported 
to be in some stage of preparation. 

The number of pages of abstracts has fallen off slightly. This is not 
a reflection on the effectiveness of our abstracting organization but rather 
a result of a little finer sifting and a decrease in the quantity of published 
material of interest to the dairy industry. 

Again your' Editor wishes to acknowledge the cordial spirit of helpful 
cooperation of all those who have assisted in the discharge of editorial 
responsibilities. 
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SUMMARY OP JOURNAL CONTENTS 


1939-40 

1940-41 

1941-42 

1942-43 

1943-44 

Number of original articles 

94 

97 

101 

89 

99 

Pages of original articles 

82b 

892 

938 

788 

706 

Number of reviews 

3 

5 

3 

o 

1 

Pages of reviews 

120 

144 

80 

142 

64 

Miscellaneous 

Announeements, Proceedings, Circulation, 
Index, etc. 

212 

278 

106 

192 

206 

Pages of Abstracts 

206 

304 

418 

290 

22G 

Total number of pages printed 

1454 

1618 

1542 

1412 

1202 

Classification of Articles 

Manufacturing articles 

53 

56 

59 

50 

52 

Pages occupied by Manufacturing 

450 

514 

548 

414 

480 

Production articles 

31 

35 

36 

32 

42 

Pages occupied by Production 

296 

216 

336 

314 

325 

Manufacturing-Production 

10 

6 

6 

7 

5 

Pages occupied 

80 

62 

54 

60 

46 

Manufacturing reviews 

0 

5 

1 

1 

1 

Pages occupied by Manufacturing reviews 

0 

144 

36 

86 

64 

Production reviews 

2 

0 

2 

1 

0 

Pages occupied by Production reviews 

120 

' 0 

44 

56 

0 


Upon motion duly seconded the report was accepted. 


secretary-treasurer’s report 

Memhersliif and Oircidation. The circulation of the Journal op Dairy 
Science for the year 1943 was very satisfactory. We had 1324 members, 
which is the highest membership we have had, with the exception of the 
years 1939 and 1940, Without putting on an organized campaign, we re- 
ceived 134 new members, 83 of which paid the $5.00 affiliation fee and 51 of 
which were former student affiliates. 

The domestic subscribers amounted to 463, which is almost 100 more 
domestic subscribers than the Journal has ever previously had. Our foreign 
subscribers were 208, which is the lowest we have had in the last seven years. 
We had 85 associate subscribers, which is the highest since 1938, and 108 
student affiliates, which is the lowest we have had since 1938, making a total 
circulation for 1943 of 2,197, The chart shows the growth of our circulation 
over the past twelve years. The height of the current column indicates the 
number of Journals that were printed. We anticipated a decreased circula- 
tion in 1943 over 1942, but our membership and domestic subscribers both 
increased to such an extent that the dropping oif of the foreign subscribers 
and student affiliates was more than overcome. Thus far in 1944 our cir- 
culation is ahead of last year’s at the same time by more than 100. As of 
June 17 our membership this year is 1281 while last year at the same date 
it was 1245. Our domestic subscribers are 467 while last year they were 
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402. Oiir foreign subscribers this year are 206, and last year they were 166. 
Associate subscribers are 78 versus last year’s number of 64. Student affili- 
ates this year are 39 and last year 100. The total cdrciilatioii on June 17, 
1944, is 2071 and last year at the same date it was 1977. 

Our delinquents this year are less than usual, but we may aiwuys expect 
to lose approximately 10 per cent of our membership annually. Therefore, 
ill order to hold our present circulation, it will ahvays be necessary to be on 
the alert for new members and subscribers. After the duration our circu- 
lation list should be at least 3,000 and in the future our new meiiihers should 
largely come from our student affiliates. Your Directors have taken action 


2800 


Growth oT -American Dairy Science Associatioa 



1932 33 34 35 

iiiiil Journals Printed 1932-35 
Members 


3<S 37 38 39 40 '41 42. 43 4-4 

tliilllHil Subscribers ILix'rAij Stuicnf-fiffiliaS’es 

■Associate Subscribers i i Journal Inventory 


■which 'vrill permit student afiSliates who were in the military service to be- 
come members without paying an affiliation fee at the end of the duration. 

During 1943 we had 2300 Journals printed, thiiiking that the eii’eulation 
would decrease at least 200 under 1942. Instead of this our eireulation was 
higher in 1943 than in 1942,- consequently, all the Journals that were printed 
were sold and it was, therefore, necessary for ns to advertise and buy back 
the 1943 Journals. We were able to purchase 58 volumes for $173.50, 11 of 
which have been sold, so that onr present inventory will take care of the 
needs for the next few years. 

Back Copies. We are now able to supply all the hack copies of the 
Journal because the Board of Directors have reproduced 13 numbers at the 
cost of $1710.18. We have approximately 40 or more volumes of each year, 
with the exception of Volume XXII (1939). During 1943 we sold $1133.85 
worth of back copies, while in 1944 up to J une 1 we have sold $1122.25, which 
included eight sets of all back J qurnals. 
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The follomng pamphlet Eeaders and Authors of Scientific Papers*^ 
was sent to our membership last fall: “The Officers of your Association are 
anxious to have you read the following editorial written by the Editor. He 
is attempting to get the authors to write the material in your language and 
asking you to increase your vocabulary, so that you will understand it. We 
commend this article for your reading. Signed, A. C. Dahlberg, President, 
American Dairy Science Association. 

Your JournaL Keeping Abreast with Progress 

“The Journal of Dairy Science made its first appearance in May, 1916. 
At that time the American Dairy Science Association felt the need of a 
scientific journal devoted to dairying to serve as a place for the iDublication 
of the researches of its members. The science of dairying was then in its 
infancy and those engaged in research and teaching were directly interested 
in all phases of the subject. Great developments were in the offing, however, 
and the rapid advances which were soon, to follow surpassed even the dreams 
of those who pioneered in the field. The Journal op Dairy Science 
takes modest pride in the part it has played in the progress of dairying. 

“Dairying is an applied science rooted in the fundamentals of chemistry, 
physics, biology, etc. As the scope of interest broadened, specialization 
became a necessity. Today the broad field of dairying includes a wide di- 
versification of interests. This diversification of specialized interests has 
brought about changes in the Journal op Dairy Science. Today, it would 
be unusual indeed if every original article in a single issue was of direct 
interest to every member of the Association. Every volume, however, con- 
tains a wealth of material for everyone engaged in the industry. Since the 
material printed presents new facts and new applications of established 
facts not. previously published, a single article may have inestimable value. 

“With the more direct application of the principles of fundamental 
science to the problems of the industry, the vocabulary and phraseology of 
the articles appearing in your Journal has changed. 

“For example, the researcher, who is making use of his knowledge and 
skills of chemistry in solving a problem of the industry, will quite naturally 
use the vocabulary and phraseology of the chemist in reporting his work. 
Accuracy and precision are essential and at times may be obtained only by 
the use of ' scientific terms. 

“On the other hand, the use of scientific language may kill the interest 
of the practical man who could make immediate use of the findings reported. 
Many scientific researchers claim to have no interest whatever in the prac- 
tical application of their findings. Yet, were it not for these practical appli- 
cations, the social system, which supports these fundamental researches, 
would soon see no need of their continuation and withdraw their support. 
Simplicity has great virtue, and the presentation of results in understand- 
able terms need not detract from the scientific value of the work. 
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^^Tlie practical man is not without responsibility in this connection. It 
is his obligation in supporting progress to rapidly become familiar with the 
language of his profession. Each new development brings new additions 
to our vocabulary. At first, these new additions may be confusing but many 
of them are destined to become everyday household terms. 

^^Tlie policy of the Journal of Dairy Science must be ^comtantly for- 
■ward, ’ Eeal progress can only be measured by the accomplishments of the 
group as a whole, not by the few leaders who form the * advance patrol.^ 
'Your Journal is dedicated to the purpose of keeping you fully informed 
concerning the activities of those who through their researches are advanc- 
ing the science of dairying. You are then in a favorable position to carry 
nut the everyday affairs of the industry with greater dispatch and efficiency. 
Signed, T. S. Sutton, Editor.” 

On the back of the pamphlet is the following notice: Library for 

Each Laboratory. Wouldn’t it be a smart move to have all the back volumes 
of the Journal with the 20-Year Index in every commercial dairy labora- 
tory f Don ’t you think every milk, ice cream, evaporated milk and powdered 
milk plant should have a library as much as it should have a receiving vat 
or compressor? 

^ Won may not have anyone who has time to read now, but this may be 
the proper time to procure the backbone of your library, w^hich should be 
the 26 volumes of the Journal of Dairy Science, with the 20-Year Index. 
The cost is $145.50. If you’re paying 90 per cent taxes on excess profits, 
it makes your library quite a low cost. ’ ’ 

During the year a pamphlet entitled ^^Oppo7'timiiies in the Dairy Indus- 
try in the Post War Period^^ was offered to schools to be furnislied to the 
.graduates and undergraduates in the service: ‘‘The Officers of the American 
-Dairy Science Association have prepared this pamphlet for the benefit of 
the boys in the Service who have had some Dairy Science Training. Addi- 
tional copies may be obtained by writing the office of the Secretary. Signed, 
A.. C. Dahlberg, President, American Dairy Science Association. 

“In keeping with the purposes of the American Dairy Science Associa- 
tion we are interested in encouraging all the boys in the service to continue 
their college education at their earliest possible opportunity. 

“There is going to be a greater demand for trained men than ever before. 
There has never been an over-supply of trained dairymen, and now there 
will be an even greater shortage. There are so many things that will need 
to be done. The dairy industry is still young, and the surface has barely 
"been scratched. 

“1. Dairying has developed from a farm dairying practice to a pro- 
-fession. 

“2. Each year brings a greater general recognition of the necessity of 
tdairy products in the diet and greater demand for them. 
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^^3. Expansion of tlie dairy industry is inevitable because of the greater 
appreciation of the nutritional value of milk and its xiroducts. 

^'4. New processes will be developed which will require the best technical 
training. 

''5. More emphasis will be placed upon efficiency in both manufacturing 
and production of dairy products. 

^^6. There is every indication of a great expansion in research both pri- 
vate and tax-supported. 

^^7. Practices in the production field have taken a technical turn requir- 
ing highly trained personiiel. Example, artificial insemination. 

“8. Many from the technical staffs of onr public educational and re- 
search institutions have gone into commercial work. Many of these will not 
return to their old jobs following the war. Eeplacements must be found 
among those who finish their training after the war. 

‘‘9. In every j^ost-war period the nation has previously encountered, the 
necessary readjustments ^spot-Iighted’ dairying on farms and commercially. 
International adjustments wull be important after this war. 

^^10. Present war experiences have opened a new outlook on the need for 
advancement in onr production and processing methods; especially in 
preservation, storage, packaging, and new products. 

^'The American Dairy Science Association believes that the- dairy in- 
dustry will demand far more professionally trained men in the next decade 
than will be available. Therefore, we urge those who have some training, 
who like the profession, and wffio ai'e enthused about its future, to return 
to college to complete their course or for a refresher course. ’ ’ 

Advertising. Our advertising income is still on the increase. In 1942 
we sold 143f pages, which was higher than any previous year. In 1943 we 
sold 171 pages, dur advertising for the first half of 1944 is equal to 1943. 
We are very anxious to again express our gratitude to the companies that 
use our pages for adveidising. Any courtesies shown these advertisers will 
be much appreciated. 

Financial. The income for 1943, amounting to $19,617.26, is the largest 
of any year during our organization. Our expenditures, amounting to 
$18,539.61, leave an operating profit of $1,077.65, which more than wipes out 
the deficit of $1,052.20 made in 1942. 

As of December 31, 1943, onr net worth w^as $22^645.56 and we had an 
investment in Government bonds of $19,690. A complete report of the 
Certified Puhlie Accountant was sent to each Director and Officer in Peh- 
ruary of this year. 

The Secretary-Treasurer wishes to take this opportunity of expressing 
his gratitude and thanks to the officers and members for the splendid coop- 
eration that has been received. 

Respectfully submitted, 

R. B. Stoltz, Secretary-Treasurer 
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AUDITING COMMITTEE 

Tile President then requested a report of the Auditing Cominitteey which 
was given by Mr. L. H. Burgwald, Chairman. 

March 27, 1944 

To the Members of the American 
Dairy Science Association 
Gentlemen : 

]\Ir. Walter Burnham, of Columbus, Ohio, Certified Public Accountant, 
has made an audit and report of the financial condition of the Association. 

The Auditing Committee has conferred with Mr. Burnham and is satis- 
fied that he has made a careful examination of ail assets and liabilities of 
the Association and that all the accounts are accurate. The committee is 
satisfied that the balance sheet and related summary of profit and loss repre- 
sents the financial condition of the American Dairy Science Association. 

Respectfully submitted, 

L. H. Burgwald, Ivan McIvellip, H. E. Otting 

Mr. Burgwald moved and Mr. Blackman seconded that the Auditing 
Committee report be accepted. 

Mr, D. M. Seath moved and Mr. W. L. Clevenger seconded that the 
Secretary-Treasurer’s rexiort be approved. 

journal management COMMITTEE REPORT 

Columbus, Ohio 
June 19 , 1944 

Executive Board 

American Dairy Science Association 
Gentlemen : 

This has been a good 3 '^ear for the Journal of Dairy Science from the 
viewpoint of the Committee on Journal Management. 

The President of the Association, the Seeretarj-Treasurer, and the Edi- 
tor of the J ournal have functioned so efficiently in their respective capacities 
that but few problems have confronted the Committee on Journal Manage- 
ment during the year. 

Among certain items that have received the attention of the Committee 
was the question of publishing news items in the Journal of Dairy Science. 
The Executive Board had referred this matter to the Journal Management 
Committee for consideration, inasmuch as there had been some agitation for 
such news items in recent years. President Dahlberg, in submitting the 
problem for the careful thought of the Committee, called to attention the 
fact that the Journal op Dairy Science once did publish news items and 
that they were discontinued largely because they were so incomplete and 
unsatisfactory. When he first became editor of the Journal he appointed 
a news reporter in every Dairy Department in every State but satisfactory 
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results did not materialize. He suggested that if the news item feature 
were adopted a special effort will be needed to make such a service satis- 
factory to our members. 

After careful consideration, the Journal Management Committee was 
inclined to disfavor this venture for the following reasons : 

1. The news item feature, attempted once before, had been discontinued 
because of lack of interest among those responsible for submitting the news. 
The editor has had a similar experience in connection with abstracting work. 
At one time there was a person at each experiment station charged with the 
responsibility of abstracting station publications of his own experiment 
station. This arrangement proved so unsatisfactory that finally it became 
necessary to adopt other means of securing abstracts. 

2. If news items that are considered suitable by certain members of the 
organization were not regarded as of sufficient academic and general interest 
by the editor to warrant publication, embarrassment or friction might result. 

2. A majority of Journals somewhat similar in their field to that of the 
Journal op Dairy Science in the dairy industry do not publish news notes. 
The strictly scientific journals seem to carry no news notes at all. 

In view of the foregoing, the committee felt that it would not be wise to 
attempt a news feature at this time. However, should a strong demand for 
a news section arise among the membership at a later date, the matter can 
then be given further consideration. 

Ten-Year Index, The Committee on Journal Management has given 
consideration to the advisability of publishing a 10-year index for the period 
ending in 1946, and would recommend to the Executive Board that immedi- 
ate steps be taken toward the publication of a 10-year index of the Journal 
OP Dairy Science for the years 1937-46. 

Replacements on Editorial Board. The Committee also recommends 
that the Editor give consideration to a revision of the list of Associate Edi- 
tors in order to have a more representative group. 

E. B. Stoltz, T. S. Sutton, Foruyce Ely, 

G. M. Trout, A. A. Borlanu, Chairman 

PRODUCTION section 

Secretary D. M. Seath, of the Production Section, presented the follow- 
ing report. He moved and Mr. M. 0. Maughan seconded that the report 
be accepted. Motion carried. 

This year’s meetings of the Production Section were well attended. One 
joint symposium was held with the Extension Section on the general subject 
of ^‘Mastitis and the Peed Situation” with special emphasis on their rela- 
tionship to the war effort. On Tuesday and Wednesday papers relating to 
research problems in the various states were presented in two simultaneous 
sessions of the Section. Papers thus presented totaled 44. 
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Two business meetings w^ere held. The following committee reports 
were presented. 

The Report of the Dairy Cattle Breeding Committee was read and ap- 
proved. During the past six years this Committee has spent considerable 
time in the preparation and revision of recommended procedures for the 
organization and operation of artificial breeding associations. It has also 
WTirked with the Purebred Dairy Cattle Association in evolving regulations 
for the safeguarding of registrations. These procedures and regulations 
are now contained in a mimeographed circular, which can be obtained from 
the Bureau of Dairy Industry. 

The Dairy Cattle Breeding Committee also approved the inclusion of 
type rating in conjunction with the reporting of lactation records in the 
proving of bulls and urges that more atteutiou be given to this phase of the 
herd improvement program. In view of the present feed situation the 
committee also urged that the stringent culling of low-producing cows he 
again emphasized. 

The report of the Breeds Relation Committee was read and accepted. In 
this report were several suggested changes regarding the conduct of Herd 
Improvement Registry and Advanced Registry tests. Some of these sug- 
gestions aim to eliminate conditions arising from the present emergency. 

During the coming year a representative of this Committee will serve on 
a committee of the Purebred Dairy Cattle Assoeatiou to “write one set of 
uniform rules for the testing df all breeds and to study the possibility of 
improving the testing program. 

The Breeds Relation Committee will continue to arrange for the printing 
and distribution of uniform official testing forms. 

Report of the Peed and Pasture Investigations Committee recommended 
that a concerted effort be made to secure more and better pastures and high- 
grade roughage. Special emphasis was given to the need for pasture ferti- 
lization, and it w^as pointed out that larger quantities of nitrogen and phos- 
phorus fertilizers are to be available this year. It was stated that there is 
a need for more information concerning effect of fertilization on palatahility 
and the feeding value of pastures and forage crops. Recommendations 
were made that extension agencies stress pasture and forage crop production 
ill an effort to produce a larger proportion of feed nutrients from roughage. 

H. W. Cave, of Oklahoma, read a report submitted by the Committee on 
Animal Health of the National Research CounciL This report was ehtilled 
“Adult Yaceination Against Brucellosis in Cattle.^’ The report was ac- 
cepted. The Production and Extension Sections asked that the Secretary 
of the American Dairy Science Association he requested to convey to the 
Committee on Animal Health of the National Research Council the' apprecia- 
tion of onr Association for this progress report and urge the Committee on 
Animal Health to continue their study of this problem. 
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The Section YOtecl to replace the feeds committee by creating a new onej 
called the Feeds Relations Committee, which will handle questions relative 
to concentrated feeds and especially those questions relating to the feed in- 
dustry. Such a committee is to be a joint one with the Extension Section 
as soon as feasible. It was also voted to ci^eate a Herd Health Committee 
that will work jointly with a similar committee of the Extension Section. 

The Resolution Committee reported no new resolutions, and that those 
of a general nature were being handled by Association’s Resolution Com- 
mittee for the general session. 

The report of the Nominating Committee was approved and Dwight 
Seath, of Louisiana, was elected vice-chairman and George Wise, of South 
Carolina, as Secretary. Glenn Salisbury, of New York, the present vice- 
chairman, automatically becomes Chairman of the Production Section for 
this next year. 

Respeetfuliy submitted, 

Dwight Espe, Cliaiman 
Dwight Seath, Secretary 


EXTENSION SECTION 

Secretary W. T. Crandall reported the minutes of the Extension Section. 
He moved and Mr. Moriey seconded that the report be accepted. 

The Extension Section held all of its scheduled sessions with an atten- 
dance of over fifty members from 19 states. At the first session, Chairman 
Seheidenhelm announced the resignation of Gerald Heebink, of West Vir- 
ginia, as Secretary of the Section and W. T. Crandall, of New York, was 
elected to fill the vacancy. 

At the first sectional session problems involved in carrying on D.H.I.A. 
work were discussed by a four-member panel, the 4-H Club program was 
given, and a report of the 4-H Club adopted. 

At the second session papers were given on the Forced Ventilation 
System of Curing Hay in the Mow,” ‘^Getting Quality Bulls and Quality 
Semen,” and ^‘An Action Program for Rapid Washing Methods.” Eight- 
een State exhibits on new Extension programs or successful methods of 
teaching were explained and discussed. 

A report from the Resolutions Committee was read and adopted. 

A joint symposium was held with the Production Session and presided 
over hy Dwight Espe, of Iowa. The problems of Mastitis Control were 
discussed and a very comprehensive statement of the feed situation was made 
by Walter Berger, Chairman of the Peed and Livestock Division of the Pood 
Production Administration. 

At a joint business meeting of the Extension and Production Sessions 
reports of the following joint committees were read and adopted : 

1. The Dairy Cattle Breeding Committee, 
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2. Tlie Breed Relations Committee* 

3. Pasture and Rougliage Committee. 

A report on “Adult Yaecination Against Brucellosis in Cattle’’ by the 
Committee on Animal Healtb of the National Research Conned was read by 
H. W* Cave, of OMahoma. This report was made to the American Dairy ’ 
Science Association at the request of the 1943 Resolution Committee of the 
Association* 

At its business session, the Extension Section listened to reports by the 
following committees : 

1. Testing Committee. 

2. Quality and Marketing Committee. 

3. States with Exhibits and Committee on Teaching Ideas. 

4. Type Rating Committee. 

5. Dairy Cattle Health Committee. 

All of these reports were adopted. 

The final order of business was the election of E. H. Loveland, of Ver- 
mont, as the incoming Secretary for 194^^45. The chairman for the coming 
year is Floyd J. Arnold, of the University of Maryland. 

Respectfully submitted, 

W. T. Crandallt, Secretary 

MANUFACTURING SECTION 

Secretary I. A. Gould then gave the following report for the Manufactur- 
ing Section. He moved and Mr. Seath seconded that it be adopted. 

The programs for the Manufacturing Section were held during the after- 
noon of Tuesday, June 20, the morning of Wednesday, June 21, and the 
morning of Thursday, June 22, with P. P. Sharp as general chairman. 
Thirty-eight titles were accepted for the program, and only four of the 
papers (M7, M9, M26, M37) were not given. In addition to the regular 
papers, five additional papers were presented at the symposium dealing with 
Dehydrated Milk and Milk Products held the morning of Thursday, June 22. 

The large number of papers submitted for the manufacturing program 
necessitated the scheduling of two sections, which met simultaneously. The 
various sectional programs were entitled Bacteriology, Chemistr}^, Butter 
and Cheese, and Milk and Milk Products. 

The business meetings of the Manufacturing Section were held We(|iies- 
day and Thursday mornings. The Standing Committee reports were pre- 
sented and accepted from the following committees : 

(a) Committee for Milk and Cream — H. L. Tempiieton, Okairimn . 

(b) Committee on the Judging of Dairy Products — ^6. M. Trout, 
Chairman. 

(c) Committee on Ice Cream — C. D. Dahue, Chairmm. 

(d) Committee on OheeS'C — ^E. C. Eeschert, Chairman, 
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Committees on By-Products, Dried Milk, Evaporated Milk, Butter and 
lee Cream presented no reports. 

Discussions were held relative to man-power shortages, hut no final 
definite action was taken. 

The Eesolntions Committee submitted no resolutions. 

The Vice-Chairman for the past year, L. K. Crowe, of Nebraska, auto- 
matically becomes Chairman for the coming year. The two new officers 
elected were C. L. Hankinson, of Milwaukee, 'Wisconsin, Vice-Chairman, and 
N. S. Golding, Washington, Secretary. 

Respectfully submitted, 

I. A. Gould, Secretary 

NATIONAL RESEARCH COUNCIL REPORT 

Mr. 0. E. Reed, who represents this Association on the activities of the 
Division of Biology and Agriculture of the National Research Council, then 
told what the Council had been doing during the past year. He presented 
a list of the present committees, including those of the Food and Nutrition 
Board. A few of these special interests, which he singled out for individual 
mention, were 

(1) The Committee on Milk of the Pood and Nutrition Board. 

(2) The Committee on Pats. 

(3) The Committee on Dietary Allowances. 

(4) The Committee on Animal Nutrition. 

(5) The Committee on Animal Health. 

(6) The Committee on Pood Composition. 

(7) The Pood and Nutrition Board. 

The report listed the organization of the Division and the basic organiza- 
tion of the National Research Council. 

Mr. Glenn Salisbury moved and Mr. Sutton seconded that the report be 
accepted. 


TRAINING AND EMPLOYMENT OP MILK SANITARIANS 

P. H. Tracy then presented a report on “Training and Employment of 
Mnk Sanitarians,” which appears on pages 691-700 of this issue. 

Tracy moved and A. A. Borland seconded that the report be adopted. 

NECROLOGY COMMITTEE 

Mr. N. N- Allen of Vermont read the report of the Committee on Ne- 
crology as follows : 

The Necrology Committee reports the following members as having 
passed away during the year : 

Professor A. C, Anderson passed away on January 13, 1944. Born in 
New York he graduated from Michigan State College in 1906. He was head 
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of the Dair}^ Department of that institution from 1919-1923 when he joined 
the staff of the Michigan Milk Producers’ Association from which he retired 
in 1940. Professor Anderson was vice-president of the American Dairy 
Science Association in 1916 and president in 1917, to wliich Association and 
the dairy industry he contributed much. 

Doctor M. J. Dorcas of Berea, Ohio, widely known for his contributions 
in the field of science, passed away August 11, 1943. Born in Iowa, he was 
graduated from Baker University and received his Ph.D. degree from Har- 
vard, following which he taught chemistry at "Wesleyan University, in Con- 
necticut, and conducted research at the Bermuda Station of the Eockef eller 
Institute for Biological Research. In 1925 he entered the Research Labora- 
tories of the National Carbon Company, Cleveland. In later years his efforts 
were devoted largely to special applications of carbon and graphite products 
in the chemical and metallurgical industries and to the supervision of con- 
struction of synthetic rubber plants. 

Edwin A. Hanson, Assistant Professor and Extension Dairyman at the 
University of Minnesota, passed away on April 13, 1944. Widely known 
among dairymen of Minnesota and adjoining states, he pioneered in the 
organization of cow testing and dairy herd improvement associations, took 
an important part in teaching dairy improvement to 4-H members and was 
one of the authors of ‘^Feeding the Dairy Herd,” a widely used handbook 
of dairy management in his state. He became Extension Dairyman in 1922. 

Doctor Leroy S. Palmer, eminent dairy scientist and Chief in the Divi- 
sion of Agxueultural Biochemistry of the Department of Agriculture of the 
University of Minnesota, passed away on March 8, 1944. Born in Illinois 
he received his B.S., M.S., and Ph.D. degrees from the University of Missouri 
where he served on the teaching and research staff from 1911 to 1919, when 
he went to the University of Minnesota. During more than 30 years of 
research and teaching he earned world-wide recognition as a chemist, espe- 
cially in dairy science and nutrition, his principal interests being in such 
fields as the pigments of milk and butter, cause of butter defects and storage 
troubles, the physical and colloidal chemistry of milk and the churning 
process. Dr. Palmer was the first recipient of the Borden Award for out- 
standing research in the chemistry of milk. 

Doctor Elmer S. Savage, professor of Animal Husbandr^J^ at the New 
York State College of Agriculture, passed away on November 22, 1943, He 
was born in New Hampshire and received his B.S. degree from the Univer- 
sity of New Hampshire and his M.S. and Ph.D. degrees from Cornell Uni- 
versity with which he has been associated since 1909. Maintaining outstand- 
ing leadership in the field of feeding and management of dairy cattle, be 
was an ardent exponent of ‘^open formula” feeds and contributed, roueh to 
the development of more economic methods of raising dairy calves through 
the use of whole milk substitutes. Professor Savage has served as secretary 
and vice-president of the American Society of Animal Production. 
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The Committee has just learned that Keith Thomeloe of the Gomico 
Products Corporation passed away in October, 1943, and Mr. 0. G. Simpson 
of Portland, Oregon, passed away in February, 1944, 

Mr. N. N. Allen moved and Mr. K. G. Weckel seconded that the report 
be accepted. 

EESOLUTIONS COMMITTEE REPORT 

Mr. Pordyce Ely, Chairman of the Resolutions Committee, submitted the 
following report : 

Whereas: The Borden Company has again seen fit to offer their awards 
for outstanding research in dairy production and dairy manufacturing, 

Therefore, be is Besolved: That the American Dairy Science Association 
express to them our sincere appreciation of this evidence of their great 
interest in research, which is so vital a part of our industry. 

Whereas: The Committtee on Animal Health of the National Research 
Council has presented a report dealing with the problem of Brucellosis vac- 
cination in cattle, 

Therefore, be it Besolved: That the American Dairy Science Association 
express its appreciation for the information furnished in said report. 

Whereas: -The Committee on Animal Health of the National Research 
Council has presented a report entitled ‘‘Adult Vaccination against Brucel- 
losis in Cattle — ^A Report to the American Dairy Science Association,’^ 

Therefore, be it Besolved: That the American Dairy Science Association 
request the same committee to prepare a parallel report dealing with the 
public health aspects of Brucellosis. 

Whereas : There exists a lack of uniformity between States in the inter- 
pretation and application of the calfhood vaccination plan for eliminating 
Brucellosis from herds and since this condition has caused a great deal of 
confusion and uncertainty, 

Therefore, be it Besolved: That the representative of the American Dairy 
Science Association to the Inter- Association Council for Animal Disease and 
Production be instructed to call this matter to the attention of said Council 
and to encourage the adoption of uniform procedures. 

Whereas : The inspection of milk and its products supplied to the Army 
is now vested in the veterinary corps of the Army Medical Department, 
thereby making it' virtually impossible for college or university graduates 
in dairying, who are well qualified for milk inspection work to obtain com- 
missions' in ''this 'field, 

Therefore, be it Besolved: That the American Dairy Science Association 
petition the proper Army anthorities for a change in policy that will make 
it possible for the qualified dairy graduate to be commissioned to inspect 
milk and its products, thus making it possible for him to use his talents 
to the best of advantage in the armed forces. 
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Whereas: Ohio State University, through its administrative staff, its 
faculty, and especially its Dairy Technology and Dairy Husbandry staffs, 
have made available to the American Dairy Science Association in this its 
39th Annual Meeting all needed physical equipment for the handling of the 
meetings, and 

Whereas: In addition every possible personal courtesy has been ex- 
tended to visiting members of the Association by members of the staff of the 
University, the staff of the Experiment Station, and local members of the 
dairy industry, and 

Whereas : The efficient functioning of the groups mentioned is in a great 
measure responsible for a most successful and enjoyable meeting, 

Therefore, be it Resolved: That the American Dairy Science Association 
take the occasion to officially express its thanks and appreciation and the 
President of the Association instructed to express this appreciation by letter 
to President H. L. Bevis and Dean J. P. Cunningham, of the College of 
Agriculture. 

H. P. Davis, I. R. Jones, H. P. Judkins, 

C. R. Gearhart, Fobdyce Ely, Chairman 
Mr. Ely moved and Mr. Ragsdale seconded that the report be accepted. 


registration committee report 

Mr. W”. L. Slatter, Chairman of the Registration Committee, reported the 
registration of members as follows : 


Ohio 

78 

New' Jersey 

8 

West Virginia 

3 

Illinois 

52 

North Carolina 

7 

California 

2 

New York 

...... 36 

Canada 

5 

Florida 

2 

Wisconsin 

25 

Nebraska 

5 

New Hampshire 

2 

Michigan 

21 

Texas 

5 

Washington 

2 

Washington, B. C 

16 

Virginia 

5 

Arkansas 

1 

Pennsylvania 

15 

Kentucky 

4 

Delaware 

1 

Missouri 

12 

Oklahoma 

4 

Georgia 

1 

Minnesota 

11 

Tennessee 

4 

Kansas : 

1 

Indiana 

11 

Vermont 

4 

Montana 

1 

Iowa 

11 

Connecticut 

3 

Nevada 

1 

Maryland 

9 

Louisiana 

3 

South Carolina ! 

1 

Massachusetts 

8 

Oregon 

3 

Maine 

1 


Total Eeoistration 

.... 384 

(38 States and Canada) 



Members 

324 





Non-Members 

60 





Banquet Tickets 

303 




Upon motion duly seconded the report was accepted. 

The Secretary-Treasurer then read the minutes of the meetings, of the 
Executive Board which follow. He moved and Mr. Borland seconded that 
the minutes of the Executive Board be approved and that all actions taken 
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during the past year by the Executive Board be approved by this Associa- 
tion. The motion carried unanimously and the meeting adjourned. 

INSTALLATION OF OFFICERS 

At the annual banquet held at the Southern Hotel on Thursday evening^ 
June 22j President A. C. Dahlberg installed the newly elected officers : 

Mr. P. A. Downs of Nebraska and Mr. J. W. Linn of Kansas were 
installed as Directors for a period of three years in absentia. Mr. J. A, 
Nelson of Montana was installed as Vice-President and Mr. A. C. Ragsdale 
of Missouri was duly installed as President of the American Dairy Science 
Association before the assembly of 303 persons. 

MEETING OP THE EXECUTIVE BOARD, AMERICAN 
DAIRY SCIENCE ASSOCIATION 

R. B. Stoltz, Secretary-Treamrer 

Goliimlus, OkiOy 2:00 P.M.j June 19, 1944 

A meeting of the Executive Board of the American Dairy Science Asso- 
ciation was held in To-wnshend Hall, Monday, June 19, 1944, at 2 : 00 p.m. 

Present : President A. C. Dahlberg, Vice-President A. C. Ragsdale, Secre- 
tary-Treasurer R. B. Stoltz, Editor T. S. Sutton, Directors W. E. Petersen, 
6. M. Trout, R. B. Becker, C. L. Blackman, P. H. Tracy. Guests, E. S. 
Guthrie and H. P. Judkins. Absent : J. C. Knott and H. P. Davis. 

Upon motion duly seconded the minutes of the last Annual Meeting were 
approved as published in the Proceedings. 

Editor Sutton presented the Editor ^s report, and upon motion by Mr. 
Petersen and second by Mr. Trout it was accepted. 

The Secretary-Treasurer’s report was read, and upon motion by Mr. 
Trout and second by Mr. Tracy it was accepted. 

The Auditing Committee’s report was read, and upon motion by Mr. 
Tracy and second by Mr. Petersen, it was accepted and the committee 
discharged. 

The budget for the year 1945, which had been prepared and mailed to 
the Directors a month previous, was approved on motion by Mr. Petersen 
and second by Mr. Tracy. 

By ballot the Executive Board elected Mr. George Holm a member of 
the Journal Management Committee for a period of three years beginning 
at the end of this Annual Meeting. 

Mr. Ragsdale moved and Mr. Tracy seconded that the three charter 
members, Mr. C. C. Ha^’-den, Mr. B. S. Guthrie, and Mr. W. J. Fraser, who 
have maintained membership since the beginning of the organization be 
elected to honorary life membership. Mr, 0; P. Hunziker, a fourth living 
charter member, was elected to honorary membership in 1942. 
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Mr, Trout moved and Mr. Blackman seconded tliat those men, who upon 
retirement, have been members of the American Dairy Science Association 
for a period of 25 years or more immediately before retirement, and who 
have notified the Secretary of their retirement and eligibility, shall become 
life members without paying dues upon action of the Board- 

Mr. Trout moved and Mr. Blackman seconded that Dean Chris Larsen, 
Mr. E. 6. Hastings and Mr. L. A. Eogers be made life members. 

Mr. Petersen moved and Mr. Blackman seconded that the Editor and 
Secretary-Treasurer be elected annually by the Executive Board and be 
reelected annually as often as mutually agreeable. The term of office shall 
begin on January 1 following election. Mr. Eagsdale moved and Mr. Tracy 
seconded that Mr. Sutton be elected Editor. Mr. Blackman moved and Mr. 
Trout seconded that Mr. Stoltz be elected Secretary-Treasurer. Mr. Peter- 
sen moved and Mr. Trout seconded that the Executive Board express their 
appreciation to Mr. Sutton and Mr. Stoltz for their excellent services to our 
Association, 

Adjournment. 

Monday i June 19, 1944, 7:30 PM, 

Present : President Dahlberg, A. C. Eagsdale, T. S. Sutton, C. L. Black- 
man, K B. Becker, W. E. Petersen, G. M. Trout, H. P. Davis, E. B. Stoltz. 
Guest : A. A. Borland. Absent : P. H. Tracy and J. C. Knott. 

Mr. Becker moved and Mr. Petersen seconded that the American Dairy 
Science Association join the Inter-Association Council for Animal Disease 
and Production, that the Secretary be authorized to pay the dues, and the 
President appoint a representative from our organization for the ensuing 
year. 

Mr. Davis moved and Mr. Petersen seconded that the action of the Board 
concerning the following that were taken by mail be validated ;• 

(1) That $1800 be appropriated to reproduce 13 numbers of back 
Journals, . 

(2) That $2220 be invested in government bonds, 

(3) That student affiliates, who have been in the armed service for sev- 
eral years, be given permission to become active members without paying 
the $5.00 initiation fee, 

(4) That the Secretary be authorized to advertise and pay $300 for 100 
copies of the 26th volume of the Journal of Dairy Science. 

It was moved by Mr. Davis and seconded by Mr. Petersen that in view of 
the suggestion from the National Research Council that the representative 
of the American Dairy Science Association be chosen from outside of the 
eastern states. The Board suggests that the President give consideration 
to the request. 

Mr. A. A. Borland, of the Journal Management Committee, gave his 
;repori, aud upon motion duly seconded it was approved. 



THE AMERICAN BAIRY SCIENCE ASSOCIATION 


725 


Mr. Becker moved and Mr. Davis seconded that the invitation of Iowa 
State College to hold oiir annual meeting in 1945 be accepted, and that Wis- 
consin, Minnesota, Kentucky, and Illinois be thanked for their invitations, 

Mr. Petersen moved and Mr, Trout seconded that the suggestion con- 
cerning ^ 'fellows^’ be referred to our committee on ^'‘Special Eeeogiiition” 
made up of our last three presidents to report at the next annual meeting, 

Mr. H. P. Davis, Chairman of the General Program Committee, sub- 
mitted a statement and recommendation. 

After a long discussion, the Directors adjourned without action. 

T imday, June 20, 1944^ 6: 00 P.M. 

A meeting of the Executive Board of the American Dairy Science Asso- 
ciation was held at the Faculty Club, Tuesday, June 20, 1944, at 6 : 00 p.m. 

Present: President A. C. Dahlberg, Vice-President A. C. Ragsdale, Secre- 
tary-Treasurer E. B. Stoltz, Editor T. S. Sutton, Directors P. H. Tracy, 
C. L. Blackman, R, B. Becker, W. E. Petersen, G. M. Trout, H. P. Davis. 
Guest, H. P. Judkins. Absent : J. C. Knott. 

Mr. Tracy moved and Mr. Petersen seconded that the minutes of the 
meetings held on June 19 be approved as corrected. 

Mr. Becker moved and Mr. Trout seconded that the President be author- 
ized to represent or appoint a representative to take part in inter-association 
or governmental activities which affect our industry or profession. 

Mr. H. F. Judkins, Chairman of the Committee to Investigate the Train- 
ing and Employment of Milk Sanitarians, appeared before the Executive 
Board and gave the report which appears on pages 691-700 of this issue. 

Mr. Petersen moved and Mr. Blackman seconded that the repoid be 
accepted with thanks. 

Mr. Stoltz moved and Mr. Trout seconded that the report be published 
in the Journal op Dairy Science. 

Mr. Petersen moved and Mr. Blackman seconded that a committee con- 
sisting of the President, Editor, and Secretary be appointed to negotiate, 
with power to act relative to the preparation of a 10- Year Index. 

Mr. Petersen moved and Mr. Blackman seconded that the request of the 
Union of American Biological Societies be tabled. 

The meeting then adjourned. 

Wednesday^ June 21, 1944, 6: 00 P.M, 

A meeting of the Executive Board of the American Dairy Science Asso- 
ciation was held at the Faculty Club, Wednesday, June 21, 1944, at 6 00' f.m. 

Present: 'President A. C. Dahlberg, Vice-President A. C. Ragsdale, Secre- 
tary-Treasurer R. B, Stoltz, Editor T. S. Sutton, Directors P. 'H. Tracy, 
C. h. Blackman, R. B. Becker, W. E. Petersen, G. M. Trout, HtP. Davis. 
Guest, J. A. Nelson. Absent: J. 0. Knott. 
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Mr. Beeker moved and Mi\ Tracy seconded that the minutes of the 
Executive Board of June 20 be approved. 

Mr, Tracy moved and Mr. Trout seconded that the Chairman of the 
Committee on post-war problems in dairy manufacturing and distribution 
be authorized to publish the report in trade papers and to mimeograph it 
for distribution. 

Mr. Petersen moved and Mr. Ragsdale seconded that the Board go on 
record as commending the Ohio members for the splendid way in which they 
have handled the convention in every respect. 

Mr. Davis moved and Mr. Beeker seconded that it he the policy of the 
Board that the authorization of travel expense be limited to the President^ 
Secretary, and Editor or their representatives. The motion carried not 
unanimously. 

The meeting was then adjourned. 

Thursday, June 22, 1944, 1: 00 T.M. 

A meeting of the Executive Board of the American Dairy Science Asso- 
ciation was held in Campbell Hall, Thursday, June 22, 1944, at 1 : 00 p.m. 

Present : President Dahlberg, Vice-President Ragsdale, Secretary R. B. 
Stoltz, Editor Sutton, Directors Blackman, Tracy, Becker, Davis. Guest, 
J . A. Nelson. Absent : Directors Petersen, Trout, and Knott. 

Mr. Becker moved and Mr. Tracy seconded that the minutes of the 
Executive Board of June 21 be approved. 

Mr. Beeker moved and Mr. Blackman seconded that the budget be 
changed so that our Association could take care of travel expenses to Inter- 
Association affairs by our representatives that are appointed by the Presi- 
dent. The budget, will, therefore, contain $100 for representatives' travel, 
and the emergency fund will be reduced from $805 to $705. 

The meeting then adjourned. 

AMERICAN DAIRY SCIENCE ASSOCIATION PRESENTED 
BORDEN AWARDS TO P. H. PHILLIPS 
AND A. C. DAHLBERG 

Golumlus, Ohio, June 22, 1944 

Mr. C. C. Hayden, of the Ohio Agricultural Experiment Station of 
Wooster, a charter member of the American Dairy Science Association was 
toastmaster at the annual Association banquet, and presented Mr. W. E. 
Krauss, Chairman of the Dairy Production Borden Award Committee, who 
made the following statement : 

^‘The Dairy Production Award Committee, after careful consideration 
of the accomplishments of a long list of worthy candidates, has unanimously 
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selected as the winner of the Borden Award in Dair}^ Production Dr. Paul 
H. Phillips of the University of Wisconsin. 

During the period 1939 through 1943 Dr. Phillips has been senior 
author or co-author of 38 scientific articles, 23 of which have been directly 
concerned with dairy production problems or fundamental studies leading 
to their solution. Most of this work 'while involving the application of 
biochemistry, histology, and patholog}^ to fundamental science, has never- 
theless had wide practical application and has aided materially in answer- 
ing questions of fundamental economic importance in the field of dairy 
production. 

''The results of his fluorine studies with dairy cattle, where different 
levels of this element were fed, have served as a guide in formulating our 
present recommendations regarding the tolerable limits of fluorine in dairy 
rations. At a time when the common low-fluorine phosphorus supplement, 
bone meal, is short in supply and there is a tendency to introduce various 
types of high fluorine phosphates, the work of Dr. Phillips assumes current 
as well as fundamental significance. 

"The greatest contribution made by Dr. Phillips to the field of dairy 
production, and perhaps the greatest contribution to the livestock industry 
during the past decade, has been the series of studies concerned with repro- 
duction. These have led to the discovery and widespread adoption of a 
sperm-preservation technique and a promising treatment for maintaining 
fertility in both bulls and cows. The far-reaching effects of the egg-yolk- 
buffer diluent for spermatozoa and the ascorbic acid treatment of sterility 
are perhaps most appreciated at the present time in artificial breeding asso- 
ciations, but their value filters down even to the individual farmer. Al- 
though these original techniques eventually may yield to modified or im- 
proved procedures they nevertheless constitute an important milestone in 
the development of dairy cattle breeding. 

"Another series of scientific achievement, in which Dr. Phillips was the 
prime mover, is that concerned with the nutrition of the young calf. The 
interrelationships between vitamin A, carotene, ascorbic acid and factors 
of the B-complex, and the possible role of these factors in reducing calf 
diseases and mortality, constitute basic information which opens the door 
to new achievements in a much-negleeted field. 

"At a time like this there probably is sufficient interest in the background 
of a man who is recognized publicly as a scientist to warrant a brief ’bio- 
graphical sketch. Dr. Phillips was born in Illinois but reaEy grew up ob 
a ranch in Wyoming and received his early schooling there. After graduat- 
ing from Washington State College in 1923 he spent several years in Russia, 
where, among other duties, he was assistant director of the Agricultural 
School in the Caucasus operated by the Near East Relief Foundation. , Dr. 
Phillips entered the graduate school of the University of Wisconsin in 1929 
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and received the degree of Doctor of Philosophy from that institution in 
1933. He now holds a full professorship in the Department of Biochemistry. 

animal husbandman at heart, a biochemist by training, and at pres- 
ent a dairjnnan after hours, Dr. Phillips has combined fortunate traits of 
character, training and experience in doggedly achieving his present scien- 
tific status. A good teacher but a hard taskmaster, he has helped in the 
development of many students, and a corps of graduate students who have 
been associated with him in the work that was done and in the authorship 
of the papers that constituted the basis for the committee ’s selection. ^ ’ 

Dr. Phillips came to the speakers’ table and Mr. Wentworth of the 
Borden Company stated: really believe. Dr, Phillips, that that is the 

longest record of achievement I have ever heard in regard to any person 
chosen to receive this A-^ard. I think you are to be congratulated upon it. 
I was also interested to note that the letter ^‘W” is connected with your 
life — Wyoming, Washington, and Wisconsin. I don’t know that it’s any- 
thing significant, but I’ve lived under the letter ^‘W” for a long time. 
However, it does give me a great deal of pleasure on behalf of the Borden 
Company to present the Borden Award, this medal that I trust you can 
keep forever, and $1000 as a partial measure of our appreciation for your 
achievements. I’m going to whisper this so that all can hear. You don’t 
need to report this on your income tax.” 

Dr. Paul Sharp, Chairman of the Borden Award Committee for Manu- 
facturing, was then introduced. Dr. Sharp then made the following 
statement : 

‘‘The recipient of the Borden Award in Dairy Manufactuiung for this 
year received his Bachelor’s and Master’s degrees from the University of 
Minnesota and his Doctor’s degree from Illinois. He is a practical daily 
scientist who has made notable contributions to our knowledge of the viscos- 
ity of cream, cream whipping, the texture of ice cream, the use of gelatin in 
ice cream and winter ices, the sweetness of sugars and their use in ice cream, 
studies on high-temperature short-time pasteurization, and a method for the 
manufacture of cream and Neufehatel cheese. He has also carried out in- 
vestigations in the field of production such as the influence of the rate of 
milking upon yield and of the temperature on the filtering of milk. 

“It was the unanimous opinion of the Borden Award Committee in 
Dairy Manufactures of the American Dairy Science Association that Dr, 
A. C. Dahlberg be selected for the 1944 research award in Dairy Manu- 
factures. 

“Prom 1921 to 1942 Dr. Dahlberg was Chief of Research in dairying at 
the New York Experiment Station in Geneva. 

“Dr. Dahlberg has been active in association affairs as follows : 
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Editor of the Journal of Dairy Science — 1928 to 1938 

Edited abstracts of the International Association of Ice Cream Manu- 
. faetnrers — ^1927 to 1937 

Edited abtsarcts of the International Association of Milk Dealers — 1930 
to 1937 

Delegate to the "World's Dairy Congress at Berlin — 1937 

President of the New York Dairymen's Association — 1926 to 1927 

President of the New York Jersey Cattle Club— 1926 to 1928 

Now President of the American Dairy Science Association 

^^Mr. Wentworth, I am pleased to present to you Dr. Dalilberg the out- 
going President of the American Dairy Science Association. ' ' 

Mr. Wentworth then replied as follows : 

‘*'You remember that I received a letter last December from you sug- 
gesting that there be some changes in the rules under which this Award was 
given. That is a fact. One of the things which he undertook to do while 
President of this Association was to effect a change in the regulations of the 
management of this Association of these Awards. If he had been successful 
in making those changes, I would say that he had been a successful officer. 
But his success comes to him for other reasons as has been indicated by Dr. 
Sharp. Of course, Dr. Sharp lived up there is the State of New York for 
so long that he can just get up here and recite Dr. Dahlberg's accomplish- 
ments in contrast to Dr. Krauss reading Dr. Phillips - from a paper. Any- 
way, it's a great pleasure for me on behalf of the Borden Company to 
present to you this Award for 1944 in Dairy Manufacturing work ; first, as 
usual, is the medal, and second is the check for $1,000." 
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A BREED COMPARISON IN THE VITAMIN D CONTENT OP MILK 
WITH NOTES ON A MODIFIED TECHNIQUE FOR THE 
VITAJIIN D ASSAY OP LOW-POTENCY 
PATS AND OILS* 

G. C. WALLIS 

Department of Dairy Sushandry, South Dakota Agricultural Experiment Stailony 
BrooMngs, South Dakota 

Information on breed diiferenees in tlie vitamin D content of milk is 
decidedly meager. Bechtel and Hoppert (1) have reported an extensive 
study of seasonal variations of vitamin D in normal cow’s milk. Holsteins 
and Guernseys were included in this study so some comparisons are possible 
between these two breeds. Normal herd management was employed so no 
information is available as to the actual vitamin D intake. Under these 
conditions the authors noted that there was little difference in the anti- 
rachitic potency of the milk fat of the two breeds. They pointed out that 
the higher percentage of fat in the Guernsey milk largely accounted for the 
higher vitamin D potency per quart of milk for this breed. The vitamin D 
values for the Guernsey milk varied from 4.8 to 43.8 U.S.P. units per quart 
whereas the extreme values for the Holstein milk were 3.1 to 27.7 U.S.P. 
units per quart. Ivon and Henry (5) have reported a comparison between 
Guernsey and Shorthorn coyys under pasture conditions with supplemental 
feeds as required. Under these conditions the actual intake could not be 
measured. The Guernsey butterfat contained 0.35 International Units per 
gram and the Shorthorn 0.28. The diffei’enee Avas not statistically significant 
so these authors also suggested that the vitamin D activity of the milk of 
the two breeds is in proportion to the fat percentage of the milk. 

On the other hand, the recommendations for feeding irradiated yeast to 
dairy coavs for the production of Autamin D milk Avith a uniform potency 
per quart called for a given amount of yeast for a given level of milk,, pro- 
duction (7). These recommendations were based on extensive research 
which seemed to indicate that differences in breed, fat percentage of the. 
milk, and such factoids were relatively insignificant. It is quite evident, that 
if milk of varying butterfat content is to have the same vitamin D', potency 

KeeeiveU for piibHcation November SO, 1043. 
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per quart there must be a compensating difference in the potency of each 
gram of fat in the milk. This relationship differs somewhat from the results 
of the investigations (1) and (5) already reviewed. Of course^ these differ- 
ences may result in part from the fact that normal herd management was 
used in one ease while comparatively large supplements of vitamin D were 
used in the other. The experiments being reported in this paper were 
designed to gain more information on this problem and to study breed differ- 
ences in the vitamin D content of milk using normal rations to supply con- 
stant, known amounts of vitamin D. 

EXPERIMENTAL METHODS 

Flan of main experiment. Holsteins and Jerseys were used in this ex- 
periment, thus providing a wide difference in the quantity and butter fat 
percentage of the milk produced. Animals, representative of the breeds 
concerned Avere earefnll}^ paired to eliminate as many variables as possible. 
Particular attention was given to have freshening dates close together for 
each pair so that seasonal and management differences would not affect the 
vitamin D values. 

Three pairs of cows have been studied for one complete lactation. An 
attempt was made to equalize the vitamin D reserves of each pair by either 
placing them on a vitamin-D-deficient ration for a preliminary period of 
two months or by feeding the experimental ration with a known vitamin D 
content for two or three months before freshening. Alfalfa hay furnished 
the only source of vitamin D. The cows were exercised after dark or in a 
shed. Sufficient hay was secured at the beginning to feed each pair through- 
out the entire lactation. The vitamin D intake was maintained at a constant 
level by feeding the same amount of alfalfa hay to each cow for the duration 
of the lactation. The largest amount of hay that the Jersey cow wuiild eat 
regularly determined the level of hay feeding for each pair. Molasses beet 
pulp was used to supply additional bulk to the Holstein. Vitamin D deter- 
minations were made on the alfalfa hay two or three times during the lacta- 
tion period. A three-day composite sample of milk was saved each month 
for determining the butterf at percentage in the milk and securing a sample 
of pure butterfat for vitamin D assay. The milk was separated, the cream 
churned, and the butter melted and centrifuged to obtain the butterfat for 
vitamin D testing. The butterfat samples were kept frozen in sealed jars 
until assayed. 

Because of the large amount of work involved in making the vitamin D 
,assays it was necessary to run one pair of cows at a time. When the third 
pair was run blood plasma samples were taken simultaneously with the 
butterfat samples to assist in explaining some of the earlier observations. 
The regular line-test technique was used in making the vitamin D determi- 
nations on the alfalfa hay, blood plasma, and the butter-fat from the first 
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two pairs of cows. A modified method was used for the butterfat of the 
third pair to secure greater accuracy. 

The modified method for vitamin D assay of low potency fats and oils. 
Since natural feeding stuffs were being used as the source of vitamin D in 
this experiment it was expected that the potency of the butterfat would be 
comparatively low. This raised the problem of how best to make the vita- 
min D determinations as rats will consume only limited amounts of the fat 
to be tested during the first 8 days of the usual 10-day test period. The 
alcoholic extraction method reported by Bechtel and Hoppert (1) was first 
tried but it was found that only 50-75 per cent of the vitamin D was being 
recovered. Further tests with modifications of this method also proved 
ineffective. Since Koii and Booth (3, 4) had earlier found difficulty in 
recovering vitamin D from butterfat either in the non-saponifiable portion 
or by alcoholic extraction it was decided to assay the fat direct rather than 
to attempt concentrating it. This method was employed for the first two 
pairs of cows but by that time Gridgeman, Lees, and AYilkinson (2) had 
reported encouraging results from adjusting the mineral content of the test 
diet to insure greater accuracy in the testing of low potency fats for vita- 
min D. 

Gridgeman et al (2) found a greater healing response to 0.5 Inter- 
national Unit of vitamin D daily with rats receiving a rachitogenic diet to 
which 38 per cent of an inert cooking fat had been added than in litter mates 
receiving the rachitogenic diet only. Their work also showed that healing 
responses were inversely proportional to the daily intake of salt mixture 
and were not related to variations in the phosphorus, protein, and fat intake. 
The salt mixture contained 75 per cent of CaCOa, 15 per cent of NaOl, and 
traces of other minerals but no phosphorus. Thus the addition of fats or 
oils to the rachitogenic diet lowered the daily intake of salt mixture, by 
diluting the mineral content of the diet and by decreasing the daily con- 
sumption because of the increased caloric value of the diet. If adjustments 
in the salt-mixture content of the diets were made so that the intake on test 
diets containing fat compared favorably with the intake on the rachitogenic 
diet alone, the healing responses to a given amount of vitamin D were more 
nearly equal. With these principles in mind, studies were made of adjust- 
ments in the mineral content of rachitogenic diets used for testing' low 
potency fats and oils for vitamin D. 

In our laboratory 12 grams of butterfat had been mixed with 28 grams 
of the Steenbock rachitogenic diet No. 2965 to make a total of 40 granls of 
diet. This was consumed in about the first 8 days of the test period. The 
regular rachitogenic diet was then fed for the remainder of the 10-day test 
period. Inspection of our records showed that litter-mate rats receiving the 
rachitogenic diet plus the International Vitamin D Standard consumed 
55 grams during the first 8 days. Adjustments were then made so that 
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40 grams of test diet containing the fat had the same salt-mixture content 
as the 55 grains of regular rachitogenic diet. On this basis each test diet 
was made up as follows : 

17.80 grams yellow corn meal 

12.00 grams fat or oil 

8.00 grams wheat gluten 
1.65 grams CaCOa 

0,55 grams ISIaCl 

40.00 grams 

For purposes of discussion this modified diet will be referred to as the 
mineral-adjusted diet to differentiate it from the regular rachitogenic diet. 
Tests were first made to determine how much healing, if any, would be 
initiated by feeding 12 grams of an inert fat or oil using the regular line 
test procedure the same as though a witamin D assay were being made. The 
mineral-adjusted diet was compared with the regular rachitogenic diet and 
with the healing given by 5 International Units of vitamin D Standard. 
Ten litter-mate rats were used for each comparison. Studies were made 
using a sample of butterfat from a vitamin-D-deficient cow, a cooking fat, 
olive oil, and a cooking oil The results are show in table 1. 

TABLE 1 

A comparison of the healing responses to IB grams of inert fats and oils fed with regular 
fichets Met and with a mineral-adjusted Met using the regular line-test 
technique, for vitamin I) assays 


Pat' or oil tested 

Healing responses with different diets 

Eachitogenic 
only plus 5 
International Units 
of vitamin B 

Eegular rachitogenic 
diet plus 12 grams 
of fat 

Mineral-adjusted 
diet plus 12 grams , 
of fat 

Butterfat® ^ 

List 

0,07 

0.06 

GooMug fat 

1.93 

0.86 

0.14 

Olive oil 

0.72 

0.26 

0,03 

Gookiag oil 

1.14 

0.10 1 

0.06 


* This butterfat sample was from a vitamiu-B-deficient eow and contained little or 

no Titamin D. 

t A narrow, continuous line of healing is given a value of 1.0. 


It can be seen from table 1 that there was some healing response with 
all of the supposedly inert materials tested even with the mineral-adjusted 
diet but it was considerably higher w’hen these same fats and oils were fed 
wuth the regular rachitogenic diet. The healing responses obtained from 5 
International Units of vitamin D Standard gives a basis for evaluating the 
iiealing initiated by the fats alone. < 

In a further study, 5 International Units of vitamin D Standard were 
fed to ten litter-mate rats receiving 12 grams of the inert fat plus 28 grams 
of either the regular rachitogenic diet or the mineral-adjusted diet. These 
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TABLE 2 

The appare'Rt rahie of o International Units of vitarnin J) Standard when fed with diets 
containing 12 grams of inert fat mixed with regular rachitogcuic diets 
and with mineral-adjusted diets using the line-test technique 


Eat or oil tested 

Apparent value of 5 1.U.f of vitamin D when fed with 

12 grams of fat plus 1 
regular rachitogenic diet I 

12 grams of fat plus 
mineral-adjusted diet 

Butterfat’’^ 

6.06 

I 5.00 

Cooking fat i 

7.35 j 

5.74 

Olive oil ; 

5-41 

1 4.10 

Cooking oil 

5.57 

1 4.72 

Average | 

6.10 1 

4.89 


* Tills butterfat sample was from a vitamin-D-delieieiit cow and contained little or 
no vitamin D. 

t I.XJ. = International Unit of vitamin D. 


healing responses 'were evaluated against litter-mate rats receiving 5 Inter- 
national Units of vitamin D reference oil as is used in making a regular 
vitamin D assay. The purpose was to determine how miieh, if any, the value 
of a known amount of vitamin B was enhanced by feeding it with the fat- 
eontaining diets. The results are shown in table 2. 

It can be seen from table 2 that the apparent value of 5 International 
Units of vitamin D was increased in every case w%en fed with an inert fat 
added to the regular rachitogenic diet. When the mineral-adjusted diet 
was used the apparent value was sometimes highe^r than the 5 units actually 
fed and sometimes lower with an average of just slightly less than 5. 

One other piece of evidence was obtained which gave further support to 
the supeiuority of the mineral-adjusted diet under the conditions of these 
determinations. Vitamin B assays were made on ten samples of butterfat 
using both the mineral-adjusted diet and the regular rachitogenic diet. The 
usual line-test technique was followed. Litter-mate rats WTre given 2 units 

TABLE 3 


A comparison of the vitamin B in ten samples of hutterfat as determined hy using 
the regular rachitogenic diet and the miner al-adj'usted diet 


Number of 
butterfat 
sample 

I.U.®’ of vitamin I> per gram of butterfat 

CowlSE 

1 Cow 150 

Baehitogenie 

diet 

Mineral- 

adjusted 

diet 

Bachitogenic 

diet 

; Mineral- 

adjusted 

1 &tet 

1 

0.33 

0.23 

0.68 

1 . 0.35 

2 

0.40 

0.25 

0.50 . 

1 '0,30 

3 . . 1 

0.22 

0.19 

0.37 ; 

: '0.32 ' 

4 

0.22 

0.20 

0.38 

i 0^1 

5 

0.27 

0.20 

0.28 ' 1 

1 0^2 ' 

Average 

0.29 

0.21 

0.44 ' i 

j 0.30 


* I.U. = International Unit of vitamin B. 
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and 5 iinitSj respectwely, of International Standard vitamin D and tlie final 
potencies calculated by tlie use of a master curve of response to graded doses 
of vitamin D. The results are shown in table 3. 

In every case the value was higher with the regular raehitogenic diet 
than when the mineral-adjusted diet was employed. The average difference 
was 38 per cent higher for one cow and 47 for the other. With more potent 
biitterfat the percentage differences would probably not be so great* 

While we still do not have a satisfactory method for concentrating the 
vitamin D of low potency butterfat samples, the combined evidence from the 
work just presented indicates that the mineral-adjusted diet as used under 
the conditions of this experiment gave more accurate results than where the 
regular raehitogenic diet was employed. Consequently the vitamin D 
values for the butterfat w^ejre determined for the third pair of cows in this 
experiment by using the mineral-adjusted diet technique. Just what ad- 
justments would be necessary for different doses of butterfat require further 
investigation. 

RESULTS AND DISCUSSION 

The pertinent data from the first pair of cows are shown in table 4. 

These two animals were typical of their respective breeds. The Holstein 
gave between twm and three times as much milk as the Jersey but the butter- 
fat percentage was only about half as high. As a result the total butterfat 
production was slightly higher for the Holstein. Each cow received 19,000 
International Units of vitamin D daily tlironghout the lactation in the 
alfalfa hay fed. Under these conditions the butterfat from the Jersey aver- 
aged about 50 per cent higher in International Units of vitamin D per gram. 
The higher butterfat content of Jersey milk and the higher vitamin D 
potency per gram made an average of approximately 30 International Units 
of vitamin D per quart of milk whereas the Holstein milk averaged only 
about 10 units per quart. Because of the higher milk production of the Hol- 
stein the total amount of vitamin D recovered daily in the milk was not 
greatly different for the two cows. The recovery for the two cows amounted 
to 1.50 to 1.75 per cent of the intake during the flush of the lactation and' 
declined to 0.50 to 0.75 per cent toward the end. The percentage of iT^eovery 
of ingested vitamin D in the butterfat, and the greater efficiency of recovery 
at higher levels of production, agree in general with the findings of other 
investigators. It is interesting to note that the vitamin D potency per gram 
of butterfat decreased with the decrease in milk production near the end of 
the lactation but the percentage of butterfat in the milk increased propor- 
tionately, so the potency per quart of milk remained quite constant through- 
out the lactation. 

In order to conserve space the data for the second pair of cows will not 
be published. The general relationships were essentially the same as for 
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the first pair. The alfalfa hay fed to the second pair contained less vitamin 
D so each cow received only 6,500 International Units daily. This resulted 
in a lower vitamin D potency per gram of butterfat and per quart of milk. 
The Holstein milk averaged about 6 International Units per quart and the 
Jersey about 15. 


TABLE 4 

A comparison of the mtamin D content of the milk and hutterfat produced hy a Jersey 
and a Holstein cow receiving 19,000 International Units of vitamin D daily 

First pair 



Daily production 

Vitamin D 

Month of 
lactation 

Milk, 

Pat, 

% 

Pat, 

gms. 


I.TJ. 
per qt. 
of 

milk 

Eeeovered in fat 

lbs. 

per gm. 
of fat 

Daily 

I.tJ. 

i % of 
intake 


Holst eiii eow — 390 


I 

45.6 

3.85 

793.8 

O.Sl 

11.6 

246 

1.09 

II 

55.5 

3.82 

961.6 

0.37 

13.8 

356 

1.86 

Ill 

58.0 

3.17 

1 830.1 

0.40 

12.3 

332 

1.74 

IV 

54.7 

2.81 

698.5 

0.43 

11.8 

300 

1.75 

y 

41.9 

2.06 

390.1 

0.45 

9.0 

176 

1.06 

VI 

32.2 

3.77 

548.9 

0.29 

10.6 

159 

0.90 

yii 

32.4 

3.60 

526.2 

0.25 

8.8 

132 

0.69 „ 

VIII 

32.4 

3.30 ! 

485.4 

0.25 

8.0 

121 

0.63 

IX 

32.1 

3.35 

485.4 

0.27 

8.8 

131 

■ 0.69 

X 

35.4 i 

3.20 1 

512.6 

0.23 

7.2 j 

118 

0.62 

XI 

33.7 ! 

3.49 

535.2 

0.27 

9.2 1 

145 

0.76 

XII 

28.2 

3.95 

503.5 

0.26 

10.0 

131 

0.69 

XIII 

15.5 

4.27 

299.4 

0.30 

12.5 

90 

0.47 


J ersey cow — 146 


I ! 

17.0 

5.81 

449.1 

0.28 

15.9 

126 

0.60 

II 

16.0 

6.09 

444.5 

0.53 

31.6 

236 

1.23 

Ill 

16.8 

5.40 

412.8 

0.61 

1 32.3 

252 

1.43 

IV 1 

15.6 i 

5.19 

367.4 

0.63 

31.8 

231 

1.47 

V 

15.3 

5.45 

376.5 

0.63 

33.3 

237 

1,40 

VI 

13.3 

6.11 

367.4 

0.42 

24.9 

154 

0.83 

VII 

12.9. 

6.40 

376.5 

0.43 

27.0 

162 

0.85 

VIII 

12.1 

6.60 

358.3 i 

0.49 

31.3 

176 

0.92 

IX 

7.8 

7.20 

254.0 

0.48 

33.6 

122 

1 0.64 

X 

7.4 

7.10 

235.9 

0,44 

30.3 

104 

i 0.55 

XI 

6.3 

8.00 

226.8 

0.43 

33.6 

98 

0.51 


* I.TJ. = International Unit of vitamin D. 


For the third pair of cows the vitamin D content of the blood plasma 
was determined simultaneously with the monthly butterfat samples and the 
mineral-adjusted diet was used for the vitamin D determinations on the 
butterfat. The data for the third pair of cows are shown in table 5. 

The general relationships discussed for the first pair of cows also hold 
true for the data from the third pair. Although these cows received 24,200 
International Units of vitamin D daily which is slightly more than the first 
pair the potency of the butterfat per gram is slightly less. The fact that 
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;hese assays were made with the minerahadjusted diet which gives soiiiC" 
vhat lower but more accurate i^esiilts undoubtedly explains this difference. 
igaiHj the Jersey butterfat has a higher vitamin D potency per gram than 
;he Holstein. The potency of the blood plasma is also higher for the Jersey 
2 ven though the vitamin D intake was kept the same for both cows starting 
at two months before calving. The higher potency of blood plasma nn- 
ionbtediy explains wdiy the J ersey butterfat had a higher vitamin D potency 

TABLE 5 

d comparison of the mtamm D content of the hlood plasma and of the milk and hutterfat 
produced by a Jersey and a Solstein cow receiving M^OO International 
Units of vitamin 7> daily 
Third pair 


Montli 
of lac- 
tation 

Daily production 

Vitamin D 

i 

Milk, 

lbs. 

i 

Butter- 

fat, 

% 

1 

Butter- 

fat, 

gms. 

I.U.t 
per ml. 
of 

blood 

plasma 

I.XT. 
per gm. 
of but- 
terfat 

I.U. 
per qt. 

of 

milk 

Becovered in fat 

Daily 
I.U. i 

%of 

intake 


Holstein Cow— 13E* 


I 

48.8 

3.9 

861.0 

2.33 

0.24 

9.12 

! 206.8 

0.855 

II 

41.0 1 

1.6 

299.4 

2.53 

0.25 

3.91 

! 74.9 

0.310 

III 

39,8 

3.8 

685.0 

3.34 

0.19 

7.03 

I 130.2 

0.538 

IV 

37.0 

4.0 

671.0 

3.21 

0.20 

1 7.78 

134.2 

0.555 

v 

38.3 

3.6 

626.0 

3.57 

0.20 

1 7.01 

125.2 

0,517 

VI 

32.8 

3.8 

567.0 

3;08 

0.19 

1 7.05 

107.7 

0.445 

VII 

36.0 

1 3.4 

1 

553.4 

2.49 

0.20 

6.60 

110.7 

0.457 


J ersey cow — 150 


I 

20.2 

5.3 

485.4 

3.71 

0.42 

‘ 21.69 

203.9 

0.843 

" II 

18.3 

5.7 

; 473.1 

3.47 

0.30 

16.66 

141.9 

0.586 

' III 

20.8 

5.7 

537.5 

4.70 

0.32 

17.76 

172.0 

0.711 

IV 

16.2 

6.0 

440.9 

3.93 

0.31 

18.15 

136.7 

0.565 

v 

19.7 

5.6 

500.3 

4.39 

0.22 

. 12.02 

110.1 

0.455 

VI 

1 18.8 

6.0 

511.7 

3.58 

0.29 

16.96 

148.4 

0.613 

VII 

, 18.0 

6.2 

506.2 

2.25 i 

0.21 

12.70 

106.3 

0.439 

vin 

18.8 

5.6 

477.6 

3.00 

0.23 

12.56 

109.8 

0.454 

IX 

18.0 

6.2 

506.2 1 

2.87 

0.23 

13.91 

116.4 

0.481 

X 

16,3 

6.4 

473.1 

2.85 

0.24 

14.96 

113.5 

0.469 


* Lactation incomplete — cow sold as T.B. reactor at end of seventh month, 
t I.XT. International Unit of vitamin U. 


than the Holstein in each of the three pairs of cows used in this experiment. 
Just why the blood plasma of the Jersey should be higher on the same intake 
of vitamin D still remains unexplained. 

Light, "Wilson, and Prey (6) found a direct correlation between the con- 
centration of vitamin D in the blood and the rate of secretion into the milk 
when cows were fed irradiated yeast. The results of the present investiga- 
tion show that this same relationship exists when natural feeds alone furnish 
a much smaller intake of vitamin D. Higher blood plasma potencies are 
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associated witli higher biitterfat potencies and lower blood plasma values 
with lower bntterfat values. 

It should be noted that in this experiment the Holstein and Jersey cow 
making up each pair were given the same vitamin D intake. The relation- 
ships found will properly apply only where these conditions prevail. Under 
normal herd management Holstein cow^s wull consume more roughage and 
hence have a higher vitamin D intake than Jerseys. This would undoubt- 
edly increase the vitamin D potency of the bntterfat produced by the Hol- 
stein, making it more nearly that of the Jersey. Just what these relation- 
ships would be cannot be told without further experimentation. It would 
also require further investigation to ascertain the breed effect of exposure 
to sunshine which is ordinarily experienced in normal herd management. 

SUMMARY 

Breed differences in the vitamin D content of milk and bntterfat for 
Holstein and Jersey cows receiving the same vitamin D intake have been 
investigated. Three comparable pairs of animals have been studied for 
complete lactation periods. The first pair received 19,000 International 
Units of vitamin D daily in the alfalfa hay which was the only source of 
this factor. The second pair received 6,500 units daily and the third pair 
24,200. The miUi from each cow was saved for a three-day period once each 
month for determining the percentage of bntterfat in the milk and to secure 
a sample of pure bntterfat for vitamin D determination. Blood plasma 
samples for vitamin D determinations w’ere taken simultaneously with the 
bntterfat samples for the third pair of cows. 

The results from all three pairs are in general agreement in show:ing 
that under the conditions of this experiment the Jersey bntterfat contained 
somewhat more vitamin D per gram of fat than the Holstein. The higher 
bntterfat percentage for the Jersey milk combined with a higher vitamin D 
potency per gram of fat made the J ersey milk two to three times more potent 
than the Holstein milk in vitamin D per quart. The total amount recovered 
in the bntterfat daily was approximately the same for both breeds, however, 
because of the larger milk production of the Holstein. About 1.50 per cent 
of the ingested vitamin D was recovered in the bntterfat durihg the flush 
of the lactation but only about 0,50 per cent near the end of the lactation. 
The vitamin D potency per gram of bntterfat decreased for each breed as 
the lactation progressed but the bntterfat percentage increased propor- 
tionately so the vitamin D content per quart of milk remained quite uniforin 
for each cow throughout the lactation period. Data from the third pair of 
cows indicated that the vitamin D content of the blood plasma was higher 
for the Jersey. This correlated with the higher potency of the butterfat. 

A modification in the mineral content of the rachitogenic diet used for 
making vitamin D assays has been developed which under the conditions of 
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tMs experiment gave lower bnt more accurate values for the vitamin D con- 
tent of low-potency bntterfat samples. 
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LACTIC ACID IN DAISY PEODUCTS. I. APPLICATION OP THE 

HILLIG METHOD^ 

I. A. GOULD 

Department of Dairying^ Michigan Agricultural Experiment Station^ 

East Lansing, Michigan 

Quantitative determinations of lactic acid and lactates in milk and milk 
products as means of ascertaining the extent of microbiological spoilage have 
long been of interest and various methods have been proposed for such 
analyses. Eecently, an intensification of interest in this question has 
resulted because of the use of lactic acid values by Federal regulatory 
officials as a basis for judging quality in concentrated and dried milk. 

At the present time there are two rather generally accepted quantitative 
methods for measuring lactic acid in milk: (a) The Troy-Sharp aldehyde 
procedure (7) and (b) the Hillig colorimetric procedure (1). 

The aldehyde procedure involves the precipitation of the interfering 
substances with copper hj'droxide at 45° C., oxidizing the filtrate under 
carefully controlled conditions with sulfuric acid, manganese sulfate and 
potassium permanganate, distilling the acetaldehyde produced into sodium 
bisulfite, and titrating the bound sulfite with iodine. The result is then 
corrected for the blank on fresh milk and for the lactic acid retained by the 
precipitate. This method was found by Troy and Sharp to be accurate 
down to 0.002 per cent of lactic acid in the original milk and to give excellent 
agreement in the hands of various operators when applied to dried milk. 

The colorimetric method utilizes the following steps: (a) Preparation 
of a milk serum by treatment of the milk with sulfuric and phosphotungstic 
acids, (b) extraction of the serum with ethyl ether, (c) neutralization of 
the extract with barium hydroxide and the subsequent precipitation and 
removal of the alcohol-insoluble barium salts, (d) treatment of the filtrate 
with carbon and hydrochloric acid, (e) photometric measurement of the 
intensity of the yellow color produced upon the addition of ferric chloride. 

The accuracy of the colorimetric method was determined by Hillig (1) 
by adding lithium lactate to reconstituted dried skim milk at concentrations 
varying from 0.002 to 0.150 per cent. Eecovery was usually within one 
milligram per cent. 

Limited comparisons of the aldehyde and colorimetric methods have been 
made by Hillig (2). On two samples of dried skim milk which were sent to 
collaborators, the Troy-Sharp procedure gave fairly satisfactory results, but 
results by the colorimetric method were unsatisfactory. The failure of the 
colorimetric procedure to give uniform results was believed to be due to 

Keceived for publication February 7, 1944. 
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inaccurate standard curves. In another study, Hillig (3) found good agree- 
ment between the two methods when they were applied to noii-iieutralized 
dry milk, but the aldehyde method gave somewhat lower results on neutral- 
ized samples. In more recent work, Hillig (5) proposes an improvement in 
the procedure for establishing the standard curve for the colorimetric deter- 
mination which presumably insures greater uniformity in the application 
of the method. 

Until quite recently, the aldehyde technique has been more widely used 
than the colorimetric method, probably because the former was perfected 
at an earlier date and more is known concerning the factors which influence 
the reliability of its results. Troy and Sharp (7) found that titers obtained 
by the aldehyde method were markedly increased by lipolysis (due to the 
presence of glycerol), and by such preservatives as formalin and acetone. 
Slight increases were produced by the use of phenol and salicylic acid, 
whereas potassium diehromate was reported to decrease the lactic acid 
recovery. Ethyl and methyl alcohol in amounts of one to two per cent did 
not interfere with the determination. Products high in sucrose could not 
be successfully analyzed by the aldehyde method. 

These workers also reported mercuric chloride in concentrations of 0.2~ 
0.5 per cent to be a satisfactory preservative for as long as a month for milk 
kept in dark cool surroundings. Later observations (8) revealed increases 
in the lactic acid of milk stored in diffused sunlight and preserved with 
mercuric chloride, increases which were attributed to proteolysis and the 
formation of degradation products which interfered with the acetaldehyde 
titration. Heating of the samples to 80“^ C. for five minutes decreased but 
did not stop the proteolysis. 

At the present time the colorimetric procedure is receiving considerable 
attention since this technique is being used by the Federal regulatory offi- 
cials in the examination of milk and other food products. However, infor- 
mation is limited relative to the factors which may influence the reliability 
of the results secured by this procedure. It was for the purpose of securing 
such information that the study herein reported was conducted. 

PEOOBDURE 

Lactic acid was measured by the Hillig colorimetric method (1) with 
slight modifications. The calcium lactate-barium hydroxide procedure was 
used for the standard curve (5). 

Colorimetric measurements were made by means of a Cenco-SHeard 
Speetrophotelometer using tubular cells, a wave-length setting of 400 milli- 
microns, and a blue filter over the entrance slit to reduce stray light. The 
use of this wave length was established from a transmission curve developed 
by using the Speetrophotelometer and an aqueous solution containing ap- 
proximately 12 mg* of lactic acid (fig. 1). The curve is similar to that 
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Fig. 1. Transmission curve for a solution of known lactic acid content. 

reported by Hillig (1) but indicates somewhat more absorption at the lower 
wave length values. At 400 millimicrons wave length, the transmission is 
approximately 19 per cent, 'which corresponds to approximately the result 
found by Hillig at 460 millimicrons wave length. 



Fig. 2. Standard curve from prepared solutions of known lactic acid content. (Lactic ; 
acid concentration plotted directly against galvanometer readings and also against tke i 
logarithms of the galvanometer readings. For convenience, the characteristic of the ! 
logarithm, ie., 1 or 2, has been omitted.) 
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A standard curve was prepared according to the direction of Hillig (5). 
Curves based both on the direct galvanometer readings and on the logarithm 
of the galvanometer readings are presented in figure 2. The logarithm 
values exhibit almost a straight line relationship with the lactic acid 
concentration, and for this reason were used throughout this study for 
determining the lactic acid concentrations of the unknowns. 

Precautions suggested by Hillig (1), to prevent fading of the color 
following the addition of the ferric chloride were found unnecessary. 
Samples were treated with ferric chloride and the color detei’ininations made 
within 2-3 minutes thereafter. Numerous trials indicated that exposure 
to diffused daylight for approximately 10 minutes or longer was necessary 
before any detectable color fading occurred. 

Special precautions were found to be necessary to insure properly puri- 
fied ether for the extraction. Ether of U.S.P. grade was found to vary in 
its ability to extract lactic acid, but in general, was highly inefficient. In 
some trials, such ether recovered only approximately 30 per cent of the lactic 
acid, and frequently less than 50 per cent of the acid was recovered. Satis- 
factory results were secured when the ether was shaken vigorously with 
water (four parts ether to one part ordinary tap water) and then distilled 
just before use. Attempts to substitute Skellysolve A (a petroleum product 
with a boiling point similar to ether) as the extractant were unsuccessful. 

RESULTS 

Recovery of added acid. The accuracy of the Hillig method was ascer- 
tained by analyzing milk to which different concentrations of lactic acid had 
been added. The results of one series of such trials are shown in table 1. 

These data indicate that the method possesses a high degree of accuracy 
and reliability. Recovery of acid was within 1 mg. for all but one sample 
and the percentage recovery was usually well within 5 per cent. The 
average recovery for the 14 analyses was 99.7 per cent. 

Lactic acid values of fresh milk. Milk samples secured from the after- 
noon milking of cows of the Michigan State College herd were immediately 
placed in ice water, transported to the laboratory and analyzed for lactic 
acid by the Hillig technique. The results, presented in table 2, reveal a 
range in lactic acid from 0.92 mg. to 3,02 mg. per 100 gms. for the six 
samples, with an average of 1.93 mg. per 100 gms. These are similar to the 
results given for fresh milk by Troy and Sharp (6) and for commercial, 
retail samples by Hillig (1). In general, it appears that the lactic acid 
content of fresh milk, determined by this method, will usually not exceed 
3 mg. per cent, but factors of season, disease and stage of lactation or 
gestation may influence this result. 

Even though the data in table 2 indicate the presence of small amounts 
of lactic acid in strictly fresh milk, it should be realized that these results 
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TABLE 1 


Recovery of Tcnown quantities of lactic acid added to milh 


Sample Ko. 

Duplicate 

Acid added 

Acid recovered 

Difference 

Becovery 



mg./lOO gm. 

mg./ 100 gm. 

mg./ 100 gm. 

per cent 

1 

a 

1.79 

1.55 

-0.24 

86,6 


b 

1.79 

1.78 

-0.01 

99,4 

2 

a 

8.97 

i 9.78 

+ 0.81 

109.0 


b 

8.12 

8.58 

+ 0.46 

105.7 

3 

a 

17.95 

18.07 

+ 0.12 

100.7 


b 

17.95 

17.43 

-0.52 

97.1 

4 

a 

35.36 

34.54 

-0.82 

97.7 


b 

35.90 

35,40 

-0.50 

98.6 

5 

a 

53.04 

52.32 

-0.72 

98.6 


b 

53.04 

52.44 

-0.60 

98.9 

0 

a 

70.72 

71.68 

+ 0.96 

101.4 


b 

70.72 

72.98 

+ 2.26 ! 

103.2 

7 

a 

106.08 . 

105.69 

- 0.39 

99.6 


b 

106.08 

105.13 

-0.95 

99.1 


may be due to constituents other than lactic acid. In factj for the present, 
it is probably more logical to accept these results as representing the 
residual or blank values of fresh milk rather than as indicating lactic acid. 
Furthermore, since results obtained by the Hillig (or similar) method are 
due either entirely or partly to this residual factor (unless a blank correc- 
tion is made for the milk), they may not, in a strict sense, represent the 
true lactic acid content. On this basis, therefore, it appears logical to refer 
to the results of such an analysis as ^ lactic acid values.” This practice is 
adhered to throughout this study. 

Preservatives. To determine their influence on the lactic acid values, 
the following preservatives were added to milk : Mercuric chloride (commer- 
cial corrosive sublimate), formalin, potassium dichromate, boric acid, sodium 
benzoate and phenol. 

Following the addition of the preservative, each sample was held at 
37° C. for several hours until its control sample was strongly sour to the 
taste. Lactic acid was determined on the milk immediately following the 
addition of the preservative and again at the close of the storage period. 

The results of this experiment, presented in table 3, reveal that with 
the exception of potassium dichromate and sodium benzoate, the lactic value 

TABLE 2 


Zactic acid values of fresh milk as determined hy the Sillig procedure 


Cow No. 

Breed 

Lactic acid content 

9 

Guernsey 

mg./lOO gm. 

1.6 

22 

Guernsey 

2.0 

114' 

Jersey 

2.9 

274 

Holstein 

0.9 

302 

Brown Swiss 

3.0 

405 

Holstein 

1.3 
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TABLE 3 


Infiimice of preservaiive’s on the lactic acid value of fresh milJc and their 
effectiveness of preservation 



eoneentration 

Lactic acid value 

PreserratiTe 



of preserTative 

Before storage 

After storage 


per cent 

mg./lOO gm. 

mg./lOO gm. 

Coatrol 

0.00 

1.9 

19.8 

Mercuric cliloride'* .. 

0.24 

2,2 

1.7 

Pormaliii 

0.10 

1.7 

1.9 “ 

Control 

0.00 

3.5 

31.7 

Potassium dieliromate 

0.50 

2.1 

1.7 

Boric acid 

0.75 

3.5 

3.2 

Control 

0.00 

2.2 

i 15.8 

Sodiuui benzoate . . 

0.75 

2l’.l 

I 26.8 

Plieuol - 

0.20 

i 2.1 

4.6 



1 


* Commercial eorrosive sublimate — ^triie mercuric cWoride eoneentration considerably 

less. 


of fresh milk is essentially unaffected by the preservatives tested. The 
eoneentration of cliehromate was considerably higher than is generally used 
for preservation of milk, which may aeeonnt for the lower result for lactic 
acid obtained when this preservative was used. Sodium benzoate apparently 
increased greatly the lactic acid value of the milk and therefore appears 
to he an unsatisfactory preservative for samples which are to be analyzed 
by this technique. 

These data also indicate that, with the concentrations used, mercuric 
chloride, formaldehyde, potassium dichromate, and boric acid prevented 
lactic acid development during storage of the milk, whereas sodium benzoate 
and phenol were less effective. In one series, the mercuric chloride and 
fomaldehyde-eontaining samples (following their storage at 37^ C. for 
several hours) were held at 5° C. for 12 days. The lactic acid content did 
not increase during this period of time. 

TABLE 4 


Infimncs 6f lipolpsis on the lactic add content of mills 


Sample 

Laetie aeid value 

Before storage 

After storage 


mg./ 100 gm. 

mg./lOO gm. 

Series I 



Sample 1 

2.3 

2.5 

Sample 2 

1.7 

2.6 

Sample 3 

2.0 

2.3 

Series II 



Sample 1 

I 3.3 

3.2 

Sample 2 

1 3.2 

3.0 

Sample 3 

1 2,7 

3.0 
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Influence of Upolysis. The effect of the development of raiieklity on the 
lactic acid determination was determined by resorting to two somewhat 
different procedures. In one procedure (Series I), three different samples 
of raw milk wTre mixed in equal proportion with pasteurized, homogenized 
milk. This procedure wns shown previously to produce rancidity within 
a few^ hours (6). Formalin was added at the rate of 0.1 per cent to prevent 
bacterial activity. Lactic acid measurements were made iiiimediately after 
mixing the non-liomogenized and homogenized portions and again after the 
mixtures had been held at 4® C. for approximately 6 hours. 

In another procedure (Series II) three samples of raw milk were homog- 
enized at 2500 pounds pressure and stored for 48 hours at 4° C. Formalin 
was added as in Series I to prevent bacterial spoilage. The lactic acid 
content of the milk tvas measured at the beginning and after the 4S4ioiir 
storage. 

The results of the lipolysis studies are presented in table 4. 

TABLE 5 

Influence of ethyl alcohol m the extracting ether or in' the mill^ on 
lactic acid recovery’^ 


Concentration of alcoliol | 

Lactic acid value of milk when alcohol added to 

In etker 

, In milk 

Ether 

Milk 

per cent 

I per cent 

mg./ 100 gm. 

mg./lOO gm. 

0 

\ . 0 

41.4 

10.3 

3 

1 1 

44.8 

10.1 

6 

1 2 

44.8 

1 10.0 


* Lactic acid was added to milk at rate of 39 mg./lOO gm. in tlie etlier trials and 
at rate of 9 mg./lOO gm. in the milk trials. 


In general, the data in table 4 reveal no appreciable influence of fat 
hj’-drolysis on the lactic acid determination. In other experiments, as much 
as 2 per cent glycerol was added to milk without altering the lactic acid 
results. 

Influence of ethyl alcohol in ether and in milk. Since observations had 
iwealed that the use of impure ether (U.S.P. grade) for extraction resulted 
in appreciably reduced recovery of added lactic acid, trials were conducted 
to determine if the presence of alcohol in the ether was the vitiating factor. 
Also, a study was made of the recovery of lactic acid from milk to which 
both lactic acid and ethyl alcohol had been added. 

The results are presented in table 5. 

The results show that the addition of either 3 or 6 per cent alcohol to 
the ether used for extraction resulted in an increase of approximately 8.2 
per cent in the lactic acid recovered. This would indicate that the low 
recovery of lactic acid when impure ether is used is not due to the presence 
of ethyl alcohol in the ether. 
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TABLE 6 


Influence of the addition of salts or sucrose upon the lactio acid contejit of •mil'k 


Sample 

Amount added 

Lactic acid content 


per cent 

mg. /too gm. 

Control 

0.00 

2.5 

Sodium C'liloride 

0.25 

2.5 

Sodium cMoride 

0.50 

2.9 

Control 

0.00 

2.4 

Sodium citrate 

0.20 

2.2 

Bisodimn phosphate 

0.20 

2.4 

Control 

0.00 

2.0 

Sucrose 

5.00 

2.3 

Sucrose 

10.00 

2.9 

Control* 

0.00 

22.6 

Sucrose* 

5.00 

22.8 

Sucrose* 

10.00 

22.4 


* Lactic acid added to milk samples. 


Tlie results in table 5 also reveal that the addition of ethyl alcohol to 
milk m concentrations of 1 or 2 per cent did not appreciably affect the lactic 
acid recovery. 

Influence of salts and sugar. Trials were conducted in which sodium 
ciiloricle, sodium citrate, disodium phosphate and sucrose were added to milk. 
The lactic acid values for these trials are presented in table 6. The results 
reveal that these compounds, in the concentrations used, have no influence 
on the lactic acid values as determined by the Hillig* procedure. 

Influence of neiifralkaiion. Milk was permitted to undergo appreciable 
souring and was then divided into two lots. One lot was neutralized either 
with sodium carbonate or sodium bicarbonate to approximately the original 
pH and the second was neutralized to somewhat over pH 7. The results 
are presented in table 7. 

These data indicate that neutralization of milk with sodium bicarbonate 
or sodium carbonate slightly increases the lactic acid values as measured 

TABLE 7 


Influence of neutralization on the lactic acid values of milh 


Sample 

pH 

Lactic acid values 

Keutralizer — ^NaHGOa 


mg./ 100 gm. " 


Fresh milk 

6.58 


Soured milk 

6.32 

57.9 

Neutralized 

6.68 

62.6 

Overneutralized 

7.25 

65.8 

Neutralizer — NagGOs ’ 



Fresh milk 

6.56 


Soured milk 

6.29 

53.2 

Neutralized 

6.59 

55.2 

58.4 

Overneutralized 

7.27 
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tlie Hiilig tecliniqne. Similar results bave been obtained when neutral- 
ization was with disodimn phosphate. 

DISCUSSION 

Results secured in this study indicate that the Hiilig eolorimetrie method 
for determining lactic acid in milk is reliable and accurate when applied 
to milk containing up to approximately 100 mg. per cent of lactic acidy 
thus agreeing closely with the results presented by Hiilig (1). On this 
basis the method appears to be a definite contribution to the determination 
of quality in dairy products. 

Application of this test (or a test of similar accuracy) to quality control 
by state and municipal regulatory officials would be highly desirable. Ha%w 
ever, the time and skill required for making the determination may limit 
its general application. Approximately eight hours are necessary for 
making an analysis, about one-half of this being utilized for ether extrac- 
tion of the serum. The time disadvantage may be overcome somewhat by 
having a series of extractors operating simnltaneoiisly. 

One of the major advantages of the colorimetric method is its constancy. 
Several factors which have been reported by Troy and Sharp (7) to influence 
the aldehyde method were without effect upon the colorimetric method. 
Thus, the method may be utilized in analyzing (a) products high in sugar, 
(b) products which have undergone considerable lipolysis, and (c) milk 
products which have been preserved for long periods with mercuric chloride. 
The accuracy of the method for preserved samples is of especial value to a 
laboratory relying upon preservation of field samples. 

Another desirable feature of the colorimetric method is the elimination 
of a titration procedure. This is of advantage in a laboratory doing routine 
analyses where, once the procedure is standardized, considerable technical 
skill is not required to condiiet the test. However, this presupposes the use 
of a photoelectric colorimeter for measuring color intensity. In fact, the 
use of a photometer rather than an ordinary visual colorimeter or Nessler 
tubes would appear to be essential if a high degree of aeeiiraey is to be 
obtained with low concentrations of lactic acid, since a visual matching of 
the yellow color produced is not easy. 

SUMMARY AND CONCLUSIONS 

The Hiilig eolorimetrie lactic acid determination usually gave recover}^ 
of lactic acid from milk within 0.001 per cent. Freshly drawn milk was 
found to give values equivalent to 0.9 to 3.0 mg. lactic acid per 100 grams, 
milk by this method. These values probably represent the blank for strictly 
fresh milk rather, than lactic acid. 

The eolorimetrie method was unaffected by the concentrations of mer- 
curic chloride, formalin, boric acid and phenol employed in this study; by 
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development of raiieiditv; or by tlie addition to the milk of certain eonceii- 
tratioiis of sodium chloride, sodium citrate, disodinm phosphate, sucrose, 
and ethyl alcohol. Sodium benzoate markedly increased the lactic acid value 
and potassium diehromate appeared to have a slight depressing effect. 

Neutralization appears to slightly increase the lactic acid values obtained 
by this method. 
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LACTIC ACID IN DAIEY PEODUCTS. II. EELATION TO FLAVOE, 
ACIDITY MEASUREMENTS, BACTERIAL COUNT AND 
METHYLENE BLUE REDUCTION* 

I. A. GOULD AND J, M. JEA^SEN 

Department of Dmrpmg^ Michigan State College, East Lansing, Michigan 

The lactic acid content of concentrated milk products reflects tlie quality 
of the raw milk used in their manufacture, and application of lactic acid 
determinations is now being made with this in mind. The present problem 
of the manufacturers of evaporated, condensed and dried milk is to grade 
the raw milk supply so that the final product wdll not contain an excessive 
amount of lactic acid. To accomplish this, use of lactic acid measurements 
on the raw milk 'would be the ideal procedure, but this is impractical because 
of the time and skill required for the determination. However, the plant 
operator may establish standards with more practical grading methods that 
will insure low’ lactic acid values in the manufactured products. 

Practical methods commonly used for the grading of the raw milk supply 
include (a) the direct microscopic test, (b) the methylene blue reduction 
test, (c) the organoleptic test, i.e., odor and taste, and (d) titrable acidity. 
Much information is available relative to the use of these procedures to 
determine quality in milk, but their applicability to a grading program 
having a lactic acid basis has been incompletely ascertained- It was for the 
purpose of securing more information along this line that the investigation 
reported in this paper was condncted. 

Various studies have been conducted to determine the relationship be- 
tw^een acidity measurements and acid flavor. As early as 1891, Stokes (14) 
found milk containing various preservatives to taste sour when the titrable 
acidity was from 0.4 to 0.49 per cent, whereas unpreserved milk usually 
tasted sour when the acidity reached 0.3 per cent. ^ Richmond and Harrison 
(8) in 1900 observed milk to taste sour at an acidity of 0.405 per cent. Later 
(1918) Van Slyke and Baker (16) made observations at frequent intervals 
of milk undergoing souring and, when the first perceptible characteristic 
sour milk flavor was detected, determined the pH and titrable acidity. 
The results on seven samples indicated that appreciable acidity had de- 
veloped in the majority of the samples by the time the flavor was detected, 
with pH values ranging from 5.44 to 5.96 (decidedly below the normal pH 
range of 6.3-6.7) and with the titrable acidity ranging from approximately 
0.33 to 0.13 per cent, expressed as lactic acid. Four of these samples were 
permitted to sour naturally at 25° C. At the first signs of souring the pH 
values ranged from 6.49' to 5.44, and the titrable aeidiky from approxi- 

Receivefi for publication Pebmarj 7, 1&44. 

* Journal Article No. 284, New Series, HicMgan Agricultural Bxperim'ent Station. 

753 



-754 


I. A. GOULD AND J. M. JENSEN 


mately 0.22 to 0J3 per ceEt, These workers eoncluded that there was no 
relationship between the development of the characteristic soiir-miik flavor 
and the pH and titrable acidity. 

Hammer and Hix (5) inoenlated aseptic milk with strains of S. lactis and 
determined the aciditj' changes and bacterial plate counts in milk when a, 
change in flavor appear eel. These w’orkers differentiated between the ^ ^ sour ’ ’ 
flavor and the flavor distinguished ‘‘by acidity increases only^’ and could 
find no definite relationship between the development of ^^soiir’’ taste and 
increase in acidity. In certain eases, milk showing acidity increases of 0.04- 
0.05 per cent was classed as sour” by taste whereas other milk with the same 
acidity changes was classed as showing only a distinct rise in acidity. One 
sample was considered to be ^'soiir” when the acidity had increased 0.03 per 
cent, and another with an acidity increase of 0.02 per cent was graded as 
having a distinct rise in acidity. Their results reveal, however, that when 
the milk exhibited either a rise in acidity by taste or a ^^sour” flavor, the 
actual titrable acidity had increased in every case, the increases varying 
from 0.02 to 0.08 per cent and with the majority varying from 0.04 to 0.06 
per cent, expressed as lactic acid. 

These workers found only a general relationship to exist between acidity 
increases and numbers of organisms present, but noted that large increases 
in bacteria had occurred by the time acidity changes were detected by taste. 
In one series, seven samples which exhibited definite rise in acidity gave 
plate counts ranging from 30 to 90 million bacteria per ml., and four ^^sonr” 
samples (by taste) possessed counts of 53 to 116.5 million bacteria per ml. 
In another series, those samples showing a rise in acidity had bacterial 
counts of 37.5 to 127 million per ml, and those which were classed as sour 
showed bacterial counts of 91 to 235 million per ml 

Schultz, Marx and Beaver (9) determined the pH of milk colorimetri- 
eally and correlated the findings with bacterial count. The conclusions were 
that the bacterial count of milk begins to increase markedly at pH 6.6 
(approximately 16 million per ml.) and at pH 6.5 the count reached an aver- 
age of 100 million per ml The acidity was first detected by taste at about 
pH 6.0. Analysis of some of the data of Cooledge and Wyant (1) reveals 
the milk to have a ^'^sour” flavor at pH values ranging from 5.8 to 6.4, 
although the authors made no attempt to correlate the pH with the first 
changes in milk flavor. 

Sommer and Hart (11) indicate that an increase of 0.03 per cent titra- 
ble acidity in milk represents the maximum increase permitted in grading 
milk, and Sommer (10) observes that acidity increases of 0.02 per cent and 
sometimes as high as 0.05 per cent are necessary before a ‘^soiir” odor i.s 
detectable. 

Although it is often the practice to class milk flavors associated with acid 
development under the heading of ''high-acid” or "sour,” considerable 
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doubt has been expressed that the flavor produced is necessarily related to 
lactic acid formation. Van Slyke and Baker (16) refer to the first per- 
ceptible sign of souring as characteristic flavor, discernible to the senses 
of both smell and taste, due to the presence of some volatile compound 
formed in the souring process and not to lactic acid. The flavor appears 
before the milk begins to taste aeid.’^ They further indicate that the flavor 
is the result of bacterial action, and the compounds responsible unidentified. 

Sommer (10) also points out that the ‘^soiir’’ odor is not due to lactic 
acid but to volatile substances such as acetic, propionic and formic acids, 
acetaldehyde, acetone, diaeetyl and methylacetylearhiiiol, and that the pro- 
portion of these to lactic acid governs the extent to 'which milk must sour 
before the change is detected by odor. 

Another type of flavor which is closely associated "with acid deA'elopment 
is the malty” flavor. Some milk judges class this flavor defect as a high- 
acid or soiir-milk flavor, whereas others refer to it as a ^‘bacterial” flavor. 
The flavor has been found to be produced by a streptococcus (4) , by a micro- 
coccus alone and in cooperation with a bacillus (15), and may also result 
through the action of lactobacilii (13). 

Hammer and Cordes (4) found a streptococcus (S. lactisxsLT, maltigenes) 
to produce the malty or burnt flavor, and studied the development of the 
flavor in sterile milk by inoculation with the causative organism. Titrable 
acidity values on the milk when the flavor was first observed ranged from 
0.25 to 0.38 per cent. They stated that ‘Ht is evident that the caramel (or 
malty) flavor developed at a low" acidity, although the flavor was never 
noticed until there had been a definite increase in acid,” Hammer (3) later 
stated that, ^^tlie organisms can produce a malty condition with no signifi- 
cant increase in acidity, and sweet milk or cream is sometimes distinctly 
malty, although sour products are more commonly involved.” 

The maltiness produced by micrococcus was found by Tracy and Ramsey 
(15) to be intensified when a spore-forming rod wms present. The flavor 
was found in milk in which the titrable acidity was usually not above 0.18 
per cent. In two trials with methylene blue, malt-flavored milk with a bae- 
teihal count of 700,000 per ml. reduced the dye in 2.25 hours in one ease, 
whereas in another ease, when the count was 1.6 million per ml, the reduc- 
tion time ivas 1.75 hours. The most typical flavor was px-odueed at 68^ P., 
but higher temperatures of 80° P. and 100° F. developed the flavor more 
rapidly. Total bacterial counts of samples incubated at 68° P., 85° P. and 
100° P. w^ere approximately 5.7 million, 10,4 million and 9.8 million per mi., 
respectively, irhen the malt-like flavor was detected. 

general experimental procedure 

The milk used in this study was secured from the raw milk supply of the 
Michigan State College ereamei*y and represents a wide variety of sources. 
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Tlie milk was warmed to the specified temperature (either 32“35° C. or 
22-24" C.) and observations made at frequent intervals for flavor changes. 

The organoleptic examination of the milk was accomplished by at least 
tivo judges working independently. The milk was judged on the basis of the 
appearance of any acid-assoeiated flavors. Thus, the classification included 
such flavors as ''malty'' as well as the typical acid or sourrmilk flavors. 
Agreeiiieiit betiveen the judges was necessary before any sample was deemed 
to have an acid-associated flavor. 

In addition to taste-odor determinations, titrable acidity and lactic acid 
measurements, the direct microscopic clump count and the methylene blue 
reduction test were made. 

Lactic acid determinations were conducted essentially by the Hillig 
technique (6, 7) with certain modifications (2). When it wms impractical 
to analyze for lactic acid immediately, the sample was preserved with mer- 
curic chloride (added at a concentration of 0.3 per cent) and stored at 4° 0. 
The samples were held usually no longer than 48 hours. Eesnlts of the lactic 
acid determinations are referred to as "lactic acid values" unless coiTection 
is made for the residual or blank value equivalent to 1-3 mg. lactic aeid/100 
gill., characteristic of strictly fresh milk (2). 

Titrable acidity was ascertained by titrating an 18-gm. sample with 
0.05 N NaOH solution to the phenolphthalein end-point, a method consider- 
ably more sensitive than the ordinary procedure which involves a 9 gm. 
sample and 0.1 N NaOH. In addition, titrations w’^ere conducted against a 
wdiite background with good lighting afforded by a desk lamp with a day- 
light bulb, which wns adjusted directly over the samples. 

The methylene blue reduction test and the microscopic bacterial clump 
count ivere conducted in accordance with Standard Methods (12). All 
samples w^ere placed in test tubes and held in ice water for 20-30 minutes 
just prior to adding the dye or before shaking for making the smear for the 
direct microscopic count. The microscopic clump count was made inde- 
pendently by both authors. 

EXPERIMENTAL RESULTS 

(a) Effect of Storage at 32-35"^ (J. 

Flavor and la^^Uc acid. In the first trials which were conducted, raw 
milk from various sources was held at 32-35° C. Samples of the milk %vere 
taken at the start of the incubation period and at intervals thereafter until 
the milk had developed pronounced aeid-like flavors. Eesults showing rela- 
tionships betTveen the flavor and lactic acid content of the milk are presented 
in tables 1 and 2. 

The total lactic acid content of the milk samples is shown in table 1. 
These results reveal the relatively low content of lactic acid required before 
the acid-like flavors appeared. In general, under these conditions, the criti- 
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TABLE 1 

Correlation of aekl-associaterl flavors vciili the Jaetie acid values ivlmi. Ca hidl: 
teas inciibated at o2’~3d" C.'* 


Flavor of 

Number of samples having lactic acid valiit-s of 

samples 

0-1.9 

2-2.9 

3-4.9 

5-9.9 ! 10-14.9 

15 or snore 

Normal 

6 

16 

9 • 

0 1 

0 

Acid 

1 

2 

8 

15 1 5 i 

1 7 


* Lac tie acid expressed in milligrams per 100 gms. milk. 


cal lactic acid content was approximately 5 mg./lOO gm. since at Tallies 
above this concentration all of the samples (with one exception) were classed 
as having acid-like flavors. However^ these data show* that samples having 
such flavors may have lactic acid values below that which is iioriiial for 
strictly fresh milk. For example, three samples vrhieh contained less than 
3 mg./lOO gm. milk of lactic acid ivere criticized for having acid-like flavors. 
In another series conducted under similar conditions, four out of twelve 
samples were found to have acid flavors at these low lactic acid concen- 
trations. 

As a rule, there ivas a fairly good relationship between the intensity of 
the developed flavor and the lactic acid content. At lactic acid values above 
10 mg./lOO gm., the judges usually classed the flavor as *'^proiioiiiieed^^ or 
strong/^ w’hereas at lower values, ‘‘slight^’ and “distinct^’ were the usual 
designations. 

In table 2 is shown the relationship betw-een lactic acid production and 
acid-type flavors. Lactic acid production represents the difference between 
the original and final lactic acid content of the milk. The results of these 
44 samples reveal lactic acid to have been produced in every ease by the time 
the sample was classed as having an acid-associated flavor, but that the 
amount of acid involved was slight. All but one of the samples which had 
developed 5 mg. or more of lactic acid possessed acid-like flavors, and 36, or 
approximately 82 per cent, of all samples which showed lactic acid increases, 
were classed as acid. Of the 30 samples which developed more than 2 nig. 

TABLE 2 

Correlation of acM-associated flavors with productioTi of taetk acid when the 
milk was incubated at 32-^ O.* 


Number of samples haYing lactic acid increases of 


samples 

0-0.9 

1-1.9 

2-2.9 

3-4,9 

5-9.9 

10 or more 

Normal 

5 

1 

„ 0 

1 

1, 

e 

Acid 

2 

6 

6 

2 

14 

0 ' 


* Lactic acid expressed in milligrams per lOO gm. milk. 
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of lactic acid per 100 gms., 28 were designated as liaving acid-associated 
flaTors. 

The question may be raised whetiier these samples had already undergone 
some lactic acid foriiiation before the trials were started. This would appear 
to be a logical question, since the milk samples were selected at random from 
milk as it %vas delivered from various farms to the plant. However, that 
appreciable lactic acid production had previously occurred is highly un- 
likely, because the initial lactic acid values of the samples were within the 
normal range obtained for fresh milk by this method with an average of 
2.5 mg./lOO gill. ; also, the bacterial counts were too low to indicate bacterial 
fermentation. 

It was observed that the ' ‘ malty or "‘haeteriar’ type of flavor was com- 
mon. This may be expected in view of the findings of Hammer and Cordes 
(4) that warm temperatures favor the production of maltiness by strepto- 


TABLE 3 

Correlation of 'bacterial chimp count with lactic acid production in milh held at C. 


Lactic acid 


Number of samples baving microscopic clump counts* of 


increase 

Less than 2 

2-2.9 

3-4.9 

5-9.9 

10-19.9 

More than 20 

mg,/ 100 gin, 
0- 2.0 

r 

4 

3 

1 

1 


2- 3.9 

1 

4 


1 

1 


4- 5.9 


1 

1 

1 

3 

1 

6~ 7.9 


1 


1 

. 

2 

8- 9.9 



i 




10-14.^ 



1 

1 



15-19.9 




1 

... 



* Bacterial count in millions. 


cocci. However, the predominant organism in the majority of the malty’’ 
samples appeared to be a bacillus. 

BmferiUj lactic acid and flavor. Correlation of the bacterial clump count 
with the lactic acid production is presented in table 3 and reveals only a 
general relationship. The relationship would be affected by differences in 
lactic acid fermenting capacity of the organisms involved and also by the 
fact that these organisms vary greatly in their clumping ability, thus 
directly influencing the microscopic count. These results do indicate, how- 
ever, that appreciable bacterial multiplication had occurred hj the time two 
or more milligrams of lactic acid had been formed, since the milk samples 
usually had initial bacterial counts well under 200,000 per ml. and often had 
counts of less than 50,000 per ml. 

The relationship between the methylene bine reduction time and lactic 
acid formation is shown by the data in table 4. 

These results reveal that when four milligrams or more of lactic acid had 
been formed, the methylene bine reduction time was always less than one 
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TABLE 4 

Correlation of lactic add production with methylene Mue redaction time when, the mill* 

was held at C. 


Lactic acid 
increase 

Number of samples having metlirlene blue reduction time of 

1 More than 3.5 | 
i hrs. ; 

i 

1-3 hrs. 

30min.-lhr. 1 Less ftan 30 

1 nim. 

mg./lOO gm. 

Less than 2 

! ! 

1 

j 

8 1 

4 

2-3.9 


3 

1 1 2 

4-9.9 

; 


8 5 

10 or more 

1 

i 

i 6 

1 I 


hour, and usually was less than 30 ininiites. Although the relationship 
between bacterial count and methylene blue reduction time is not shown, 
it was observed that all samples having more than two million bacteria 
reduced the dye within three hours, and usually in less than one hour. The 
methylene blue results, however, rexiresent somewhat abnormal conditions 
since the milk was held at 32--35° G., and had been placed in ice water only 
15-30 minutes prior to starting the test. Thus, the organisms were in a 
highly active state, and would be expected to reduce the dye rapidly. 

Another comparison made in these trials involved the microscopic clump 
count and acid-associated flavors. These results are shown in table 5. 

These data reveal that the clump count of milk is relatively low when 
acid-associated flavors are first perceptible. The majority of samples having 
counts above two million wnre graded as acid-flavored ; in fact, six samples 
'which possessed acid-like flavors had bacterial counts of less than two 
million. All samples possessing a clump count of more than five million had 
acid-associated flavors, 

(h) Effect of Storage at. 22-24° C. 

Since the possibility exists that storage at 32-35'^ C. may produce changes 
which are more or less specific for these temperatures, it appeared desirable 
to conduct somew^hat similar trials in which the milk was held at lo-wer 
temperatures. 


TABLE 5 

Correlation of hacierial clump count with, production of aeid-assoeiated flavors when 

mill: was held at 3^-35^ €, 


Flavor of 


Naiaber of samples having mieroseopie clump counts* of 


samples 

Less than 0.5 

0.5-.9 ! 

- i 

1-1.9 

2-2.9 

1 3-4.9 

5-9.9 

! ID or more 

Normal ... 

IS 

1 

" j 

2 

0 

1 

0 

Q 

Acid * 

0 

0 i 

6 

13 

5 

8 

11 


Bacterial counts expressed in miUions. 
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111 the.se trials, samples of milk were taken at random as received at the 
College Creamery, examined for flavor, and analyzed for titrable acidity. 
They were then stored overnight at 4° C. Early the following morning, the 
samples were warmed to 22-24:° C. and examined at intervals for the pres- 

TABLE 6 

Helafionsliip between the total lactic acid content of milk and the production of malty 
and Mgh-acid flavors, the hacterial clump count and the methylene blue reduction 
test when the milJc was held at 23—24° C. 




T iactic acid 

Alieroscopie clump count 

Methylene 

blue 

No. 

flavor^ 


content 

Number 

Predominant 

typet 

reduction 

time 

: 

Malty 4 


OT^./lOO gm. 
2.5 

millions - 
1.4 

Eods 

hours 

2.8 

2 ' 

' ^ -H- 


1.6 

3.3 

Eods, cocci 

1.5 

3 

-H- 


4.5 

6.4 

Eods 

2.3 

4 

44 


2.2 

2.8 

Eods, cocci 

3.5 

5 

“ 4 


2.3 

3.0 

Eods, cocci 

2.5 

6 

4 


2.5 

5.2 

Eods 

1.7 

7 

it 


4.6 

6.9 

Eods, cocci 

0.9 

8 

4 


4.6 

2.9 

Eods, cocci 

2.5 

9 

a 


2.9 

6.1 

Eods, cocci 

1.5 

10 

( < 

-rr 


4.6 

6.7 

Eods 

0.9 

11 



5.7 

6.6 

Eods, cocci 
Strep. 

0.9 

12 

it 44 


3.8 

4.5 

2.5 

13 

Malty, high-acid 4 

2.3 

7.5 

Eods, cocci 

0.7 

14 

i€ ii 

4 

2.9 

2.4 

Eods, cocci 

3.3 

16 i 

a a 

4 

4.8 

1.5 

Eods, cocci 

' 2.5 

17 j 

a a 

44 


12.0 

Eods, cocci 

1,0 

18 i 

u a 

4 


3.8 

Eods, cocci i 

1.5 

19 

a a 

4 

2.5 

1.3 

Eods, cocci 

2.0 

20 

a ii 

4 


2.3 * 

Strep., staph. 

1.9 

21 i 

“ 

4 

8.2 

7.3 

Bods, cocci 

0.9 

22 : 

a a 

44 

3.1 

14.3 j 

Eods, cocci 

0.9 

23 ■ 

it i i 

4 

4,1 

4.5 

1 Eods, cocci 

1.5 

24 ' 

it a 

44 

4.6 

19.1 j 

Eods, cocci 

0.7 

■ 25 ' 

a a 

4 

3.1 

6.6 1 

j Eods 

0.9 

26 1 

High-acid 44 
«« + 


10.9 

20.0 i 

Strep. 

0.3 

27 ; 


3.6 

10.0 

Strep., staph. 

1.2 

28 1 

“ 4 


10.2 

18,8 

Strep., rods 

2.3 

29 

'444 


25,0 

61.4 

Strep. 

i 0.3 

30 i 

4 


i 5,6 

21.0 

Strep. 

j 0.7 

31 I 

4.44. 

TTX 


16.9 

62.0 

Strep. j 

1 0.3 

3S ' 

4 


4.7 

11.7 

Strep., rods 

1 0.9 

33 I 

“ 4+f 


25.9 

160.0 

Strep. 

5 0.5 

34 

444 


24.4 ! 

131.0 

Strep. 

; 0.3 

3'5 

“ 44 


18.2 

68.5 

Strep., rods 

1 1.0 


^Inteiiaty of flavor indicated by number of plus signs: + slight; -H- distinct; 

444 pronounced^ 

f Unless otherwise indicated^ ^ ‘ cocci refers to various types of coccus-formed bac- 
teria other than streptococci, i.e., micrococci^ diplococei, and in certain cases, staphylococci. 

enee of acid-associated flavors. When a sample exhibited such a flavor it was 
promptly subjected to the various quality tests; 

Lactic mid, flavor, hmterml tests. The examination of these samples for 
developed flavors revealed that although the malty flavor appeared fre- 
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quenth'j as in tiie case of tlie liiglier storage temperature, there were more 
samples iu wliicli a typical acid flavor developed. TMs high-aeid flavor 
appeared to be more difficult to detect than those flavors of the malty type 
and, therefore, was associated with higher titrable acidity increases and with 
inueh greater bacterial counts. In these trials, the judges attempted to 
differentiate between the flavors by the terms “malty’’ and “high-acid.” 
The results showing the relationship between the total lactic acid content of 
milk and the flavors, bacterial count, and methylene blue test, are presented 
in table 6. 

In this table, the samples were grouped in accordance with the flavor 
defect indicated by the judges, ne., malty, malty-Mgh-acid and high-acid. 
However, recognition should be given to the fact that it is not always possible 
to differentiate between these various acid-associated flavors. The data in 
table 6 indicate that for the same intensity of off-flavor, the high-acid samples 
had undergone more lactic acid formation and possessed definitely higher 
bacterial counts than those samples having the malty-type flavor. There 
are, however, some exceptions. 

There is no appreciable difference between the lactic acid values and 
bacterial counts of the two groups classed as “malty” and “malty-high- 
acid,” Of the 12 samples possessing slight or distinct malty flavors, the 
lactic acid content ranged from 1.6 mg. to 5.7 mg./lOO gm. and the bacterial 
counts ranged from 1.4 million to 6.9 million/'ml. In the “malty-high-aeid” 
group, the lactic acid content ranged from 2.3 mg. to 8.2 mg./lOO gm. and 
the bacterial count ranged from 1.3 million to 10.1 million/inl. The average 
valuer for all of these samples having at least some semblance of a malty 
flavor were as follows : Lactic acid content, 3.7 mg. /lOO gm. ; bacterial count, 
5.7 million/ml. ; methylene blue reduction time, 1.7 hours. 

Although the milk was examined at frequent intervals, several of the 
“high-acid” samples had developed a pronounced flavor by the time of 
detection, probably because of the extremely high bacterial counts and the 
accelerated bacterial activity. The flavor production likely occurred rapidly 
between observation periods. It is interesting to note that in those samples 
having pronounced high-acid flavors, the bacterial count ranged from 61.4 
million to 160 miliiony'^ml. and the lactic acid content ranged from 16.95 mg. 
to 25.90 mg./lOO gm. Average values for the 10 samples characterized as 
“high acid” were as follows : Lactic acid content, 14.5 mg./lOO gm. ; bacterial 
count, 56.4 million/ml. ; methylene blue reduction time, 0.8 hour. 

Another interesting deduction wffiieh may be drawn irom^ the results, in 
table 6, pertains to the type of organism which predominates in production, 
of the flavors. In those samples having malty-like flavors, rod-shaped organ- 
isms were involved in all but one ease, and they were usualy aecompaiiiecl 
by smaller numbers of cocci of one or more types. It should be emphasmed, 
however, that the organism which predominates^ under eonffitions such , as 



Z62 


I. A. GOULD AND J. M. JENSEN 


exist in this experiment may be influenced by the temperature and time of 
incubation. 

The correlation between bacterial count and lactic acid production is seen 
to be only fairh" general. For example, in one case, a sample with a bac- 
terial count of 131 million/ml. had a lactic acid value of 24.4 mg./lOO gm. 
in contrast to another sample with a count of 61 inillion/ml. and a lactic acid 
value of 25 mg./lOO gm. In both of these samples, however, the bacterial 
count and the lactic acid content were comparatively high. If these were 
compared with a sample having a bacterial count of 10 million, a definite 
difference in the lactic acid values would be expected. 

The results with the methylene blue test indicate that, under the condi- 
tions of this experiment, milk having a high lactic acid content will usually 
exliibit short reduction periods. For example, milk with lactic acid value of 
15 mg./lOO gm. or more, reduced the dye in one hour or less. However, milk 
having far less lactic acid may also reduce the dye quickly. It does appear 

TABLE 7 


Increases m lactic acid as measured hy titralle acidity and hy lactic acid methods* 


Bange in 
lactic acid 
content 

No. of 
samples 

Average lactic acid increase 

Range of 
individnai sample 
variation 

1 (b) from (a) 

By lactic acid 
metbod (a) 

By titrable 
acidity (b) 

mg. /ICO gm. 


mg./ 100 gm. 

mg./lOO gm. 

mg./ 100 gm. 

4.9 or less 

36 1 

1.6 

2.4 

0.3-10.3 

5.0- 9.9 

18 

6.8 

8.5 

0.2-13.3 

10.0-14.9 

3 

14.3 

13.5 

0.6- 9.7 

15.0-19.9 

4 

17.9 

22.2 

0.2-14.8 

20 or more 

5 

22.8 

26.7 

1.4- 6.5 


* Titrable acidity determination was eoxidncted on an 18-gni. sample witb 0.05 N 
NaOH. 


likely, however, that milk which reduces the dye within 30 minutes will con- 
tain appreciable quantities of lactic acid. 

Titrable acidity and lactic acid. At the beginning of this investigation, 
an effort was made to use both pH measurements and the titrable acidity 
test to measure acid production in the milk. However, the pH determina- 
tions were soon discontinued when they were found to be no more sensitive 
than the titration test in detecting slight acidity changes. 

In the case of acidity measurements, it is fully realized that these deter- 
minations are of no value insofar as establishing grading standards there- 
from is eoneerned, since normal variations in titrable acidity far exceed the 
changes required to produce appreciable quality deterioration in milk. 
However, the principal purpose of such determinations was to permit a 
direct comparison between acidity increases as measured by titration and as 
measured by the more sensitive lactic acid technique. 

As previously indicated, the titrable acidity determination involved an 
18-gm. sample and 0.05 N NaOH. The results of 66 trials in which compari- 
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sons were made between increases in lactic acid and increases in tiie titrable 
acidity (also expressed as lactic acid) are siiininarized in table 7. In this 
table, data are aiTan«:ed to indicate the variation of the titrable acidity from 
the true lactic acid content at different levels of lactic acid increases. 

These data reveal a fairly close relationship to exist between the two 
methods when the average results are eonsidei*ed, with a niaximnni difference 
of approximately 4 mg./lOO gm. However, the data also show that in the 
case of individual samples, the titrable acidity results may vary rather 
widely from the true lactic acid content, the maxiimim variation amounting 
to 14.8 mg. lactic acid per 100 gm. milk. 

Although the results of the titration and lactic acid methods on indi- 
vidual milks are not shown, the former was found to give lower results in 
29 of the 66 samples, or in 43.9 per cent of the total determinations. Piirtlier- 
more, it was observed that the extreme variations between the two methods 
occurred in those eases in which the titration values were higher. In sam- 
ples ill which the titration results were lower than obtained by the lactic acid 
procedure, the maximum variation was approximately 5 mg. lactic acid/100 
gm. However, in the 37 samples in which the titration indicated a higher 
lactic acid content than shown by the lactic acid method, the maximum dif- 
ference between the methods was 14.8 mg. TOO gm., and seven samples varied 
by more than 8 mg./lOO gm. 

Two factors are likely involved in creating the variations between these 
twn methods on individual samples: (a) the lack of accuracy on the part of 
the titration procedure, and (b) the possibility that the development of 
rancidity in certain samples before the acid flavor appeared may have influ- 
enced the titration result. Even by using the titration technique involving 
larger samples, w*eaker alkali solution, and excellent lighting, the titration 
method is still subject to some end-point errors and variations. That the 
titration results agree to the extent indicated in table 7 is surprising. 

From the rancidity standpoint, certain samples did possess rancid flavors 
early in the storage period, and the development of rancidity may be 
expected to increase the titrable acidity without affecting results by the lactic 
acid determination. This factor is likely responsible for the major differ- 
ences between the two methods. 


DISCUSSION 

When consideration is given to the grading of the raw milk supply on 
the basis of the lactic acid content, the question which arises is, ^^Wlien is 
milk sourf^’ and the answer to the question will likely be an important 
consideration if and when quality standards involving lactic acid are estab- 
lished. However, at the present time a direct simple answer to this question 
is difficult, if not impossible, because any such answer must be qualified in 
one maimer or another as dictated by the various factors involved. 
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One factor to be considered in this connection concerns the methods used 
for determining the degree of ‘‘sourness” or “sweetness” of milk. Under 
present eonditionsj milk that is deemed to be sour by one method may not 
be classed as sour by another. Therefore^ if the extent of sourness is to be 
used as the basis of a grading xerogram in the concentrated milk field, then 
the various practical quality methods now in nse should be reinvestigated 
with the view of establishing standards for each of them on this basis. 

Organoleptic detection of sourness in milk has been the subject of much 
discussion, and its reliability is questioned because of (a) differences in the 
acuteness of the individiiaFs senses of taste and smell j (b) the presence of 
other flavors which may interfere with sour flavor detection; (c) peculiari- 
ties of specific flavors produced by different microorganisms, these flavors 
being detectable at varying levels of acid development. Notwithstanding, 
the results obtained in this study indicate that, when properly applied, the 
organoleptic method is highly sensitive and detected acid-type flavors which 
occurred as a rule at much lower lactic acid levels than have been reported 
previously. Generally, when acid-associated flavors were perceptible, lactic 
acid increases were below 10 mg./lOO gm. and often were not over 5 mg./lOO 
gm. In fact, lactic acid increases of 2 mg./lOO gm. were not uncommon in 
milk having acid-associated flavors. 

On the basis of available information, it appears that a grading standard 
which permits an increase in the milk of 0.03 per cent acidity (30 mg./lOO 
gm. of lactic acid) is indeed generous if the grading is to be conducted by 
well-trained milk graders. This amount of formed acid is considerably 
above the critical concentration for flavor production. It is appreciated, 
however, that a certain tolerance above the critical lactic acid content found 
in this study is desirable, since it is not always feasible to have the grading 
conducted by highly skilled milk judges. In addition, more information is 
desirable on the flavor-acid relationship as influenced by different micro- 
organisms before establishing stringent lactic acid standai-ds. 

As has been pointed out by previous workers, the actual taste and odor 
detectable at the first signs of souring are probably due to compounds other 
than lactic acid. However, the results herein reported indicate that lactic 
acid has been formed in practically all, if not all, samples of milk which 
possess an aeicl-associated flavor, although the amount formed is often slight. 

The type of flavor produced in milk during souring is a factor to be 
considered in arriving at conclusions regarding organoleptic grading of such 
milk. The authors have often observed that flavors of the malty type are 
detected at lower lactic acid content and lower bacterial count than those 
flavors, wMch are more strictly of the high-aeid type, doubtless due to the 
larger volume of aroma associated with the malt-flavor production. This 
field of study needs further exploration before final conclusions may be 
drawn. ' 
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One point of contention in milk grading relates to tlie terminology used 
in designating tlie soiir-milk flavors. The term “high-acicF^ is objected to 
by many because the milk is within the normal range of titrable acidity. 
Furthermore, the term ^‘high-acid’’ indicates an aeid-like flavor, whereas 
there is no semblance of an acid flavor in the earlier stages of souring. It 
would appear logical, at least for a quality program, to classify all of those 
flavors which- occur when milk undergoes souring as one general type, and 
avoid the confusion which may result by differentiation. The principal 
point involved is that these flavors are all produced hy bacterial activity 
coincident with the formation of lactic acid and the appearance of any of 
these flavors indicates milk of inferior quality. The term ^ ‘ acid-associated ” 
would appear to be suitable for all of those flavors which result from or occur 
simultaneously with lactic acid formation. 

The relationship found in this investigation between bacterial count and 
flavor appears to be somewhat different than has been indicated previously. 
The results do reveal that acid-associated flavors are commonly present in 
milk having bacterial clump counts of 2-5 million per ml. These compara- 
tively low values, considerably under the plate counts reported by Hammer 
and Hix (5), may be the result of (a) detecting the flavor changes at lower 
acid increases, (b) allowing the milk to develop the flavor normally with a 
wide variety of organisms being present and without resorting to artificial 
inoculation, and (c) differences in the types of organisms involved. The 
results herein presented indicate that the production of about 0.02 per cent 
titrable acidity (20 mg. lactic aeid/100 gms. milk) by a predominance of 
streptococci, gave data similar to those of Hammer and Hix (5). 

Variation in bacterial counts may be normally expected and, in this 
study, milk samples exhibited widely different microscopic clump counts at 
the first detectable flavor change. These variations, in general, are governed 
by the type of organism predominating in the respective samples and also 
by the temperature of incubation. Certain organisms possess considerable 
clumping properties and remain in clumps during the preparation of the 
sample for staining. Other organisms, particularly the streptococci found 
in these samples showing a t 3 rpieal high-acid flavor, were more widely 
distributed over the microscopic field. Thus, in two samples, the individual 
cell count may be similar, bnt due to the clumping properties of the pre- 
dominant organism in one sample, the clump counts may be markedly 
different. 

The titrable acidity test as it is now used will probably never be of any 
great value as an accurate control test, since the amount of the titer whi'Ch 
is contributed by lactic acid is not easily ascertained. In fact, the common 
titration procedure which involves the use of a 9-gin. sample and 0.1 N 
NaOH solution would appear to be of little value even as an adlunet to 
organoleptic examination unless the sample in question had undergone 
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acidity ckanges far in excess of those required for production of acid- 
associated flavors. For example, the results of these experiments indicate 
that the milk usually was of inferior quality as determined by any of the 
quality tests when the lactic acid increase amounted to 0.010 per cent or 
less. Since the titrable acidity of mixed herd milk may normally vary by 
several times this quantity, it may readily be appreciated that the establish- 
ment of grading standards based on titrable acidity measurements is 
unfeasible. 

In connection with acidity values, the results herein presented reveal 
a general relationship between acid increases as measured by a sensitive 
titration method and by the lactic acid method. However, under normal 
conditions, even a sensitive titration method should serve only as an indi- 
cator of acidity changes rather than as a precise instrument for measuring 
lactic acid changes, since titrable acidity increases on individual milk 
samples may vary appreciably from the true lactic acid content. 

SUMMARY AND CONCLUSIONS 

Eesults are presented of the relationship of the formation of lactic acid 
in milk with (a) the production of acid-associated flavors, (b) the micro- 
scopic clump count, (c) the methylene blue reduction, and (d) titrable 
acidity. 

Acid-associated flavors were detected at low levels of lactic acid forma- 
tion. Many samples of milk exhibited such flavor defects at lactic acid 
increases of 2-5 mg./lOO gm. or less and practically all samples possessed 
acid-assoeiated flavors of lactic acid values of 10 mg./lOO gm. However, 
the type of flavor, the temperature of incubation, and the type of organisms 
may somewhat influence these values. 

Bacterial clump counts, in general, range from about 1.5 to 10 millions 
per ml. in those samples showing slight acid-associated flavors. The same 
factors which influence the acid flavor-lactic acid relationship are also of 
importance in this connection. 

The methylene blue reduction time was markedly shortened in all samples 
of milk showing appreciable increases in lactic acid. 

A general relationship was noted in the lactic acid increases obtained 
by the colorimetric lactic acid method and by titration. However, the 
titration results may vary appreciably from the true lactic acid changes in 
individual milks. 

A discussion is given of the limitations and application of certain of these 
quality tests in a lactic acid grading program. 
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A TECHNIQUE POK THE SIMULTANEOUS MEASUEEMENT OP 
SEMEN QUALITY AND TESTIS HISTOLOGY IN TITAMIN A 
STUDIES OP THE DAIE-Y BULL* 

R. E. EBB, E. ANDREWS, J. F. BULLARD axd J. H, HILTON 
Furdue University Agricultural ExgerUnent Siation^ Lafayette^ Ind. 

Vitamin xl deficiency is tlie most common of the known Yitamin defi- 
ciencies wiiicli occur in cattle. The elinical s^^mptoiiis, gross and micro- 
scopic pathology and therapy of vitamin A defieiency have been reported 
by many investigators and are not reviewed in this report.* 

It has long been known that vitamin A defieiency results in the cessation 
of spermatogenesis and atrophy of the testis in laboratory animals (8, 9) 
and in cattle recent studies (3, 4, 5, 6, 7) have shovui vitamiii A deficiency 
to have a similar effect on the testis of the bull. 

When small numbers of animals are available it is obviously necessary 
to obtain as much information from each individual as possible. The 
standard procedures which have been developed for the measurement of 
semen quality are of unquestioned value but it is especially desirable to be 
able to determine the effects of vitamin A defieiency and therapy upon the 
spermatogenie tissue of the testis itself. This has formerly been possible 
by autopsy or by the surgical removal of one testis. Each of these methods 
has the common disadvantage of the limited number of times it can be 
applied to a particular animal. In recent years the development of biopsy 
techniques whereby small pieces of tissue can be removed at various intervals 
have made it possible to gather large amounts of data from single animals. 
Andrews and McKenzie (1) performed as many as 28 biopsies upon the 
genitalia of a single mare within a three-month period. 

The purpose of this report is to describe the procedures used in the eon- 
' duct of vitamin A studies in the dairy bulk The results obtained in this 
study should be regarded as preliminary in nature but it is believed that 
the method will be of value to other investigators in this field. 

EXPERIMENTAL PROCEDURES AND RESULTS 

Semen ivas collected at weekly intervals using an artificial vagina. Two 
successive samples were obtained except in some eases when the bull refused 
to ejaculate twice. Semen examinations included volume of ejaculate, con- 
centration and total numbers of spermatozoa, initial sperm motility, the 
maintenance of motility when the semen was stored at 40® P. and abnorm^ 
sperm forms. The details of the techniques have been published by Brb' 
et at (2). Testis tissue was removed by biopsy from the bull twice during 
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tile experiment. The testicular biopsies were performed by making a small 
incision in the lateral scrotal wall, exposing the tunica albuginea and, with 
a sharp scalpel, excising a testicular section about 5 mm, square. The testis 
usually bled freely but no special attempt to control bleeding was made 
and clotting occurred spontaneoUvsly. The tunica albuginea can, but need 
not, be sutured and one or two sutures can be placed in the scrotal wall. 
Eecovery from the operation was uneventful in each case. The testicular 
tissue was immediately fixed in Bonin’s fluid, dehydrated in an ethyl-butyl 
alcohol series, embedded in paraffin, sectioned and stained in Mallorj^-’s triple 
connective tissue stain. 



Fig. 1. The germinal epithelinm has Fig. 2 . The germinal epithelium has 
nearly completely disappeared and only been greatly repaired and spermatozoa 
a few spermatogonia are present, x 220. are present. 


The bull used in this study was a crossbred Holstein-Guernsey born 
May 4, 1941. During the six-month period preceding the experiment, he 
was fed the standard Purdue growing ration supplemented with cod liver 
oil and was, to the best of our knowledge, a normal healthy animal. On 
June 8, 1942, the bull was placed on a vitamin- A-low ration composed of 
beet pulp as the only roughage and a grain mixture of white corn, oats, 
linseed oil meal, bonemeal and salt. On October 8, 1942, symptoms of ad- 
vanced vitamin A deficiency were observed. The bull became blind, lost 
the coordination of movement and showed such gastro-intestinal distur- 
bances as diarrhea and bloat. A testicular biopsy obtained from the right 
gonad on October 12 showed severe degeneration of the seminiferous tubules 
and the nearly complete disappearance of sperm from the lumena of the 
tubules (fig. 1). As summarized in table 1 semen quality decreased steadily 
until December 7, 1942. 

Vitamin A therapy was begun on October 12, 1942, and the following 
treatment was given: October 12, 1942, to December 8, 1942, 60,000 I.U. 
of vitamin A daily ; December 8, 1942, to January 5, 1943, 100,000 1.TJ. daily ; 
January 5, 1943, to March 20, 1943, 150,000 I.U, daily. 
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A second, section was removed from the right testis on February 5, 1943. 
Microscopic examination revealed that extensive but not complete repair 
of the seminiferous tubules had occurred (fig. 2). As shown in table 1 
semen quality began a gradual improvement during the latter part of Be- 
eember. It can be observed that semen quality continued to decline after 
the initiation of vitamin A therapy on October 12, and that no spermatozoa 
w^'ere obtained in a series of 4 ejaculates collected during the interval ending 

TABLE 1 


Semen- production of hull L. H. on a vitamin A low diet and after 
vitamin A therapy 


Interval 

ending 

No. 

semen 

samples 

Ave. 

YOl. 

Ave. 

sperm 

per 

cii. mm. 

Ave. 

total 

sperm 

Ave. 

initial | 
sperm i 
motility 

i 

Ave, 1 
sperm j 
survival 1 

i 

Ave. aUn. 
sperm 
per 

1000 



ec. 

thousand 

milUo7i 


days 










6-23 

4 

1.2 

98 

137 

1.5 

2.0 

118 

7-7 

4 

1.5 

370 

631 

4.3 

0.3 

97 

7-21 

4 

0.9 

728 

9U 

4.3 

■ 6.5 

114 

8-4 

4 

1.3 

973 

1244 

4.8 

14.0 

101 

8-18 

4 

1.1 

793 

961 

4.0 

7.0 

97 

9-1 

4 

0.7 

913 

585 

3.S 

6.0 

55 

9-14 

4 

0.4 

435 

230 

3.0 

4.0 

88 

9-29 

4 

1.0 

730 

834 

2.0 

4.3 

132 

10-12 








10-26 1 

4 1 

1.0 

220 1 

229 

1.3 i 

1.0 

408 

11-9 

4 1 

1.4 

20 

27 

0.5 j 

i 0.5 


11-24 

4 1 

1.3 

3 j 

2 

'0 1 

i 0 


12-7 

4 

1.5 

0 i 

0 

0 i 

0 


12-21 


1.2 1 

40 1 

79 

1.0 ; 

, 1.0 

261 

1&4S \ 


i 






1-5 i 

4 1 

1.3 

83 

124 

0.8 

0.8 

189 

1-18 1 

4 1 

1.1 1 

288 

386 

2.3 

2.3 

243 

2-1 

6 

1.5 1 

'762 

1064 

2.7 

4.7 

230 

2-16 , 

4 ; 

1.4 ^ 

890 

1380 

1.0 

2,8 

267 

3-1 ! 

4 1 

1.9 

245 

745 

1.0 

2.8 ! 

350 

3-16 

4 ; 

1.9 

98 

245 

2.0 

1.5 i 

159 

3-22 

4 1 

0.5 

115 

108 

2.0 ' 

1.8 

142 

4-7 

4 

2.4 

683 

1072 

2.3 i 

3.5 

284 


December 7. This can be theoretically explained as representing the gradual 
depletion of sperm stored in the vas deferens and epididymis. It can like- 
wise be theorized that the lag in improvement of semen quality after the 
beginning of vitamin A treatment may have represented the time necessary 
for the restoration of the damaged germinal epithelium and the subsequent 
filling of the epididymis with newly formed spermatozoa. 

It seems, therefore, that the effects of vitamin A deficiency and therapy 
upon spermatogenesis in the dairy hnll can be effectively measured by the 
simultaneous study of the semen and the mieroseopic anatomy of the testis. 
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SEASONAL AND GEOGRAPHICAL VARIATIONS IN THE CITRIC 
ACID CONTENT OP DEFATTED MILK SOLIDS 


BUBDET HEIXEMAXK 
’Producers Creamery Company, Springfield, Missouri 

Tlie literature on the citric acid content of milk shows a wide range in 
values. Allen (1) attributes the variations to the unreliable character of 
the methods of analysis and the analysis of samples which have undergone 
citric acid fermentation. He points out that the range reported is far out 
of proportion to the differences exhibited by the other constituents of milk. 

Since the determination of the milk solids content of bread by means of 
its citric acid content has been suggested by Hartman and Hillig (5) and 
since the use of milk solids has been extended to a wide variety of other 
products, a study was made to determine the extent of seasonal and geo- 
graphical variations in the citric acid content of defatted milk solids. 

REVIEW OF LITERATURE 

The number of studies dealing with seasonal and geographical variations 
in milk is limited. Sherwood and Hammer (9) made 335 determinations 
on whole milk from individual cows and concluded : ‘‘There is no significant 
seasonal variation in the citric acid content of the milk.’^ Their values 
ranged from 0.07 to 0.33 and averaged 0.18 per cent. Arup (2) analyzed 
25 samples of fresh retail milk taken over a yearns time. These values 
ranged from 0.150 to 0.206 per cent and did not indicate significant seasonal 
variation. He also determined the citric acid content of 11 samples of de- 
fatted milk solids of English, Irish, and American origin. There was no 
significant geographical variation, his results ranging from 0.151 to 0.184 
per cent on the reconstituted basis. 

A composite sample of 5 cows’ milk on vitamin-G-free feed had a citric 
acid content of 0.08 per cent compared to 0.13 per cent citric acid in the 
milk from the same cows on pasture, according to Hess et al. (7). Supplee 
and Beilis (10) also found more citric acid in milk from cows on pasture 
(0.148%) than from cows on winter feed (0.142%). 

Hartman and Hillig (4) conducted a collaborative study of the milk 
supply of 14 large cities located in various parts of this country and found 
that the average citric acid content of 58 samples was 0.16 per cent. These 
samples ranged from 0.14 to 0.19 per cent and exhibit some geographical 
variation, San Francisco showing the lowest and New Orleans the highest 
per cent citric acid. 

Holm, Wehb, and Beysher (8) studied the citric acid content of the milk 
from 4 cows throughout the lactation period. Their results indicated that 

Received for publication February 28, 1944. 
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TABLE 1 


Seasonal mriation in citric acid content of defatted millc solids, 
1943 {moisture-free hasis) 


Bate i 

Citric acid 
(anhydrous) 

Bate 

Citric acid 
(anliydroiis) 


per cent 


per cent 

1/4 

2.04 

7/29 

2.00 


2.05 


1.98 

1/16 

2.02 

8/2 

1.95 


2.02 


1.97 

1/31 

1.95 

8/15 

1.97 


1.95 


1.95 

2/11 

2.00 

8/20 

1.95 


2.01 


1.94 

2/28 

1.99 

8/25 

1.97 


1.98 


1.99 

3/9 

2.00 

9/15 

2.01 


2.02 


2.01 

3/17 

2.08 

9/30 

2.00 


2.09 


1.99 

4/9 

2.09 

10/20 

1.98 


2.09 


2.00 

4/30 

2.05 

10/31 

1.92 


1 2.06 


1.92 

5/12 

2.04 

11/11 

1.89 


2.08 


1.88 

5/26 

2.02 

11/26 

1.88 


2.04 

i 

1.88 

6/15 

2.06 

12/9 

1.95 


2.05 

i 

1.97 

6/23 

2.04 

i 12/24 

1.96 


2.04 

! 

1.97 

7/15 

2.00 

I Average 

1.995 


TABLE 2 

Geographical variations in citric acid content of defatted milk solids, 
July, 1B43 {moisture-free basis) 


State 

Citric acid 
(anhydrous) 

State 

Citric acid 
(anhydrous) 


per cent 


per cent 

'Wiscomin 

1.97 

Mississippi 

1.98 


1.97 

1.99 

PennsTlvania 

2.05 

IJtali 

1.89 


2.07 


1.91 

Aliniiesota 

2.07 

Michigan 

1.84 


1 2,09 

1 

1.83 

Missouri 

2.01 

Idaho 

1.86 


1 2.02 


1.90 

Maryland 

* 1.95 

Oregon 

1.98 


[ 1.94 


1.96 

California 

1.93 

Average 

1.961 


1.93 
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there was a decrease in citric acid as the period of lactation progressed. 
• Their values ranged from 0.19 to 0.29 per cent. 

In a recent review of the literature, Hammer and Babel (3) concluded, 
^ While the citric acid content of milk shows some variation, it appears that 
herd milk commonly contains from 0.16 to 0.18 per cent.’’ 

EXP3SRIMENTAL 

The method used for the determination of citric acid in dry milk solids 
_has been described in a previous publication (6). This method is based on 
the oxidation of the citrate ion by the perchlorate-cerate ion. 

The samples of dry milk solids used in the seasonal variation study were 
collected from January, 1943, to January, 1944, at this plant. Each sample 
represents a composite of a large amount of milk. All determinations were 
made in duplicate. 



flB um APmi. MAT •AHiE JWf ASM SKP OCT NOV OEC 

Pig. 1. Seasonal variation in citric acid content of defatted milk solids (moisture- 
free basis) during 1943. 

The samples used to determine geographical variations were secured 
from the American Dry Milk Institute who received them during the month 
of July, 1943, from drying plants located in the specified states. 

All samples were tested for moisture and lactic acid content and in no 
case did the latter exceed 0.01 per cent on the reconstituted basis. This 
indicates that the samples were of sufficiently good quality to preclude the 
possible loss of citric acid due to fermentation. The moisture was found to 
vary within the limits of 2.5 and 5.0 per cent, and for this reason, results 
were calculated to the moisture-free basis. 

Figure 1 is a graphical representation of the data presented in table 1, 
showing the range in seasonal variation. Table 2 shows the geographical 
range in citric acid content of dry milk solids not fat. 
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DISCUSSION 

Tile study of the 27 samples taken throiig’hout the year reveals that there 
is a small but definite seasonal variation in the citric acid content of defatted 
milk solids, ranging from a maxiiniim 2,09 per cent in March and April to a 
minimum of 1.88 per cent in November and averaging 1.995 per cent. This 
does not substantiate the claim of Hess et al, and Supplee and Beilis that 
cows on pasture produce milk containing more citric acid than those on dry 
feed because a large majority of the cows in this section of the country were 
still on dry feed in March and April, 1943. These results seem to substan- 
tiate the data of Holm et al. which indicates that there is a decrease in the 
citric acid content of the milk as the period of lactation increases inasmuch 
as a large majority of the cows in this teiuitory freshen in the spring. There 
are undoubtedly other factors, how^ever, which are also concerned. One is 
that about 90 per cent of the herds supplying milk to this plant consist of 
Jersey cows. Another is that in 1943 there was an excessive amount of rain- 
fall during April and May. 

The study of the eleven samples taken from various parts of the country 
shows a range of values from 1.83 to 2.08 per cent and averaging 1,961 per 
cent. "When calculated to a skim milk containing 9.3 per cent total solids, 
these figures are 0.165 to 0.193 per cent with an average of 0.182 per cent. 
There does not seem to be a I'elation between the section of the conntry in 
which the milk was produced and its citric acid content. For example, Min- 
nesota has the highest and Michigan the lowest per cent citric acid. Nor is 
there any agreement between these figures and those of Hartman and Hillig 
(4). Furthermore, the difference in the range of values, when calculated 
on the reconstituted basis (0.028%), is not as great as the difference in the 
range reported by them (0.05%). 

Vhen caicniated to a reconstituted basis, the range in citric acid in all 
samples— a total of 38 — ^is 0.170 to 0.201 per cent (average 0.185%). This 
difference of 0.031 per cent is considerably less than would be expected in 
the light of previous work in which a difference as great as 0.26 per cent 
between maximum and minimum values is reported (9), The three most 
important reasons for this are : first, the use of a method which yielded close 
cheeks on duplicate samples ; second, the analysis of samples which showed 
no evidence of fermentation ; and third, the selection of samples which repre- 
sented a composite of the milk from a large number of cows. As pointed 
out previously (6), the method used may give results slightly higher than 
the A.O.A.C. method. 

It can be assumed, however, that the citric acid content of the defatted 
milk solids is sufficiently uniform throughout the country to be used as an 
index for the determination of the milk solids content of bread or other 
product. ■ . ' , 
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SUMMARY AND CONCLUSIONS 

The citric acid content of 27 samples of defatted milk solids taken 
through the year 1943 varied from 1.88 to -2.09 per cent and averaged 1.995 
per cent- The highest value occurred in March and April and the lowest in 
Xovember, thus indicating a small but definite seasonal variation. 

'Samples of defatted milk solids taken from 11 different states during 
July, 1943, varied from 1.83 to 2.08 per cent (average 1.961%), thus indicate 
ing that there is a slight variation in the citric acid content of milk from 
different localities. 

The citric acid content of defatted milk solids, however, is sufficiently 
uniform to be used as an index for the determination of the milk solids con- 
tent of bread or other products. 
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FURTHER STUDIES OX BLOAT 


S. W. MEAD, H. H. COLE, and W. M. BEGAN 
Division of Animal Busbandry, University of CaUfornia, Davis, California 

Tile purpose of this paper is to submit data, supplementiug our earlier 
studies (1, 2, 3, 5), on the cause, production, and prevention of bloat. 

EXPERIMENTAL. 

Because several independent experiments are involved, most of the 
details on methods wili be discussed under the separate sections. A few 
general statements can be made. Throughout the feeding period, when 
bloat w-as anticipated, the cows ivere constantly observed by at least one and 
usually two or more persons. We considered it safe to leave animals if bloat 
had not developed one hour after they were taken off pasture. Animals 
removed from the pasture and fed grain shortly thereafter would often bloat 
and occasionally had to be treated. In the series of experiments to be con- 
sidered, there w^ere 194 eases of bloat. Since the cattle were observed care- 
fully, and were treated at once if seriously bloated, none was lost. 

The experimental animals ^vere mostly Holsteins and Jerseys, with two 
Ouernseys and one Ayrshire. All are indicated by herd numbers through 
which the breed can be identified : those in the 1,000 series are Holsteins ; 
700 and 800 series, Jerseys; 600, Guernseys; 200, Ayrshires. 

Bloat ivas determined in most instances by palpation of the left triangu- 
lar area anterior to the hip and the degree of bloat was indicated by the 
terms ^ ^ slight, ^ ^ ‘ marked ’ ’ or ^ ^ severe. ' ' On the basis of a few instances in 
which the ruminal pressures were determined either directly with a mercury 
manometer or indirectly wuth an instrument devised b}" Kleiber (unpub- 
lished), the pressure in slight bloat was 10 to 23 mm. Hg. and in marked 
bloat 18 to 40 mm Hg. With one animal in evident distress and conse- 
quently designated as severely bloated, the pressure varied from 27 to 34 
mm. Mg, In the normal relaxed rumen, the pressure is subatmospheric (2). 

The physical condition of the feed and the incidence of Moat. Accord- 
ing to our theory (2), bloat or tympany in cattle on green legumes usually 
results from a lack of sufficient coarse irritating fiber in the diet to elicit the 
eructation reflex. On the basis of that theory, bloat has been produced by 
depriving cows on immature alfalfa pasture of coarse roughage and pre- 
vented by supplementing such pasture with scabrous feeds such as Sudan 
grass hay or pasture (3). These results by no means prove the theory, 
however : conceivably, the presence or absence of coarse scratchy material 
in the diet of bloated cattle could be a mere coincidence. The present ex- 

Beeeived for publication March 6, 1944. 

779 



7S0 


S. M. MEAD, H. H. COLE AND W. M. REGAN 


perimeiit was eoiidiieted to determine whether the physical condition of the 
feed does affect the iiieideiice of bloat. Ground alfalfa hay and concentrates 
were compared wdtli whole alfalfa hay and concentrates. Since the same 
feeds were used in approximately the same amounts and proportions^ any 
difference in result should depend upon the physical rather than the chemi- 
cal character of the alfalfa hay. A preliminary note describing the defi- 
ciencies associated with a diet of ground hay and concentrates has been 
published elsewhere (1). 

Four iactating dairy cows, secreting 34 to 63 pounds of milk daily, were 
used. There were two experimental periods. In period 1 the cows received 
finely ground alfalfa hay plus concentrates. In period 2 the same cows 
received unground alfalfa hay from the same lot, together with concentrates. 
Period 1 was preceded by a 6-day preliminary period during which the ani- 
mals were accustomed to the feed. The hay was ground to overcome the 
irritating effect of the coarse alfalfa stems upon the mucosa of the rumen. 

Two slightly different rations were used in period 1. For the 6-day pre- 
liminary period and the first 9 days of the experiment the mixture was made 
up as follow's : ground alfalfa hay prepared in a hammer mill using a No. 
6 (6/64'0 screen, 60 per cent; rolled barley, 24 per cent; wheat bran, 10 per 
cent ; soybean meal, 5 per cent ; and Nad, 1 per cent. For the f ollOTving 6 
days the mixture consisted of: ground alfalfa prepared as above, 50 per 
cent ; finely ground barley, 39 per cent ; wheat bran, 5 per cent ; soybean 
meal, 5 per cent ; and NaCl, 1 per cent. This change ■was made to determine 
whether a greater amount of concentrates in relation to ground hay would 
cause a higher incidence of bloat. Three of the four cows bloated on the 
first ration, and all bloated on the second. For palatability, these rations 
were moistened with an approximately equal weight of water just before 
feeding. Each animal received 7 pounds at the time of the morning milking 
( 4 : 00 A.M.) . Between 8 : 00 and 11 : 00 a.m. and again between 1 : 00 and 
3 : 00 P.M., each was given all she would consume. Between 3 : 00 p.m, and 
4 : 00 A.M. the cows received no food. 

In the second period the system had to be modified somewhat, because 
one cannot feed concentrates and unground hay simultaneously and still 
maintain a definite proportion between them. 

Had the feeding of roughage and concentrates separately been the only 
variable, bloat should have been more frequent during period 2 than in 
period 1. The rate of ruminal gas formation varies directly with the amount 
of feed consumed; further, the most rapid formation occurs during or 
shortly after eating (2). Since cattle eat concentrates more rapidly than 
roughage, the rapid ingestion of concentrates fed alone during period 2 
favored bloat production. On diets limited to concentrates, bloat frequently 
occurs (6), 
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The concentrate mixture in period 2 was identical with, that used during 
the first 9 days of period 1. Each cow received 3 pounds of concentrates 
at 4 : 00 a.m. At 8 : 00 a.m. enough more concentrates were fed to make up 
about half of the daily allowance. About 8 : 15 a.m:.. when the concentrates 
had been consumed, the animals were given all the unground alfalfa hay 
they would consume before 11:00 a.m. Between 1: 00 and 2: 30 f.m. they 
had enough hay to make their total daily allowance equal or slightly exceed 
the average individual consumption on the days during period 1 when they 
bloated. At 2 : 30 p.m, they were fed enough concentrates to maintain the 
same proportion of hay and concentrates as on the days when they bloated 
in period 1. Since cows 759 and 1003 bloated on both mixtures during 
period 1, the ratio of hay to concentrates for these animals in period 2 was 
midway bet'ween the two proportions. Cows 1028 and 1030 bloated chiefly 
on the 50 per cent hay-50 per cent concentrate ration ; and thus this same 
ratio was maintained for these animals during period 2. The coats were 

TABLE 1 


Bloat and daily feed consimptioyi on firound alfalfa hay and concentrates as compared 
with alfalfa hay without grindirig and concentrates 


Alfalfa 
hay j 

i 

Cow 759 

; Cow 1003 

Cow 1028 j 

j Cow 1030 

Av. 

feed 

eaten, 

pounds 

Times 

bloated* 

Av. 

feed 

eaten, 

pounds 

Times 

bloated 

Av. 

feed 

eaten, 

pounds 

1 

Times 

bloated 

Av. j 
feed ! 
eaten, | 
pounds 

1 Times 

1 bloat€^d 

1 

Ground 

Xlnground i 

32.5 

38.5 

6 

1 

42.7 i 
45.5 1 

® 1 
None 1 

28.3 

37.0 

3 

None 

29.7 1 
39.9 

i ..A 

j None 


* Times Moated* * refers to the number of days on -wliicli bloat oecurrecl. 


observed constantly for eAudence of bloat between 8 ; 00 a.k. and 12 : 00 noon 
and again between 1 : 00 and 5 : 00 p.m. 

Table 1 shows the incidence of bloat and the aA^erage indiAudual feed con- 
sumption. Twenty-one eases of slight bloat were encountered while tbe 
cows were receiving ground alfalfa, and only one case on whole alfalfa. 
Often, during period 1, gas under no appreciable pressure could be palpated ; 
but these eases were not designated as bloat. As a rule, bloat occurred dur- 
ing or following the afternoon feeding and persisted 30 to 120' minutes. In 
four instances when bloat occurred in the morning, the same animals bloated 
again in the afternoon. This finding agrees vnth our previous experience, 
in that bloat most often occurred during or after a period of 'eating, 'when 
the rumen was quite full. 

■ One may ask why one case of bloat occurred on whole alfalfa and 'con- 
centrates. Bloat occurs occasionally Avhen large amounts of concentrates, 
are fed. This animal, a Jersey, was a particularly greedy feedc'r for her 
size. She weighed 950 pounds as compared with an average of 1,480' 'pounds 
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for tte other three animals, which were Holsteins. On the day in question, 
she eonsiimed 4 pounds more than on any daj^ of period 1. On certain days 
we purposely increased the amount above the average for the days when 
bloat occurred during period 1. Not only was the wdiole alfalfa more palat- 
able, but there was also less tendency for the animals to go off feed. Conse- 
quently the average consumption in period 2 was 6.9 pounds per day per 
animal greater than in period 1. Bloat most often occurs after the eating 
of large amounts ; and thus, on the basis of feed consumed, more bloat would 
have been expected in period 2 than in period 1. It is difficult to escape 
the conclusion that the physical, rather than the chemical, character of the 
diet accounts for the greater frequency of bloat during period 1. 

Although definite bloat could be produced by feeding ground alfalfa and 
concentrates, none of the resulting bloat cases was severe enough to require 
treatment. "We cannot satisfactorily explain this fact. That the ground 
hay provided very little irritation seems certain, since only one or two feeble 
attempts to ruminate w^ere observed when the cows were on the ground- 
alfalfa ration. As Schalk and Amadon (7) have shown, coarse roughage 
provides the stimulus for the regurgitation reflex. The cows ruminated 
normally when changed to whole alfalfa in period 2. The possibility that 
the rumen ingesta may have passed on to the omasum too rapidly for fatal 
bloat to occur is a tentative explanation. Had our studies been more pro- 
longed, fatal bloat might have ensued, for Mead and Goss (6) reported it 
in cows limited to concentrates. Conceivably, fatal bloat in animals main- 
tained on such diets for long periods may be due to ruminal atony, or it may 
have been that death was erroneously attributed to bloat. The animals had 
Moated frequently and were bloated when found dead but they were not 
actually observed in a state of tynpany immediately preceding death. 

Bloat on machim-harvested alfalfa tops. In the production of bloat, 
feeding green tops in the barn has certain advantages over pasturing : (A) 
The consumption of feed over definite intervals of the day can be more easily 
determined. (B) If one is interested in the rate of gas production, the 
feeding of tops to a confined animal has definite advantages. (C) In cer- 
tain fields it may be impossible to produce bloat by pasturing because of 
contaminating 'weeds or grasses. If the weeds are lower than the alfalfa, 
they may be avoided by cutting the tops and feeding them in the barn. 
Animals pasturing on such fields, however, will often consume weeds as well 
as alfalfa; and thus, if the weeds are sufficiently coarse, bloat will he pre- 
vented. 

For the first 5 days, four lactating cows were used; during the last 5 
days, six lactating cows. In a preliminary period of 2 days the cows re- 
ceived grain only. During the first 5 days of the trial the cows received 
their regular daily allowance of concentrates (6-8 pounds) at 4: 00 a.m. and 
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3 : 00 p.M. ; during tlie last o days they recelTed double their previous 
amounts of concentrates, fed in equal amounts at 4 : 00 and 7 : 45 a.m.^ 12 ; 30 
and 3 : 00 p.m. The cows had access to all the tops they would consume 
between 8 : 00 a.m. and 2 : 30 p.m. They were stanchioned during the feed- 
ing period and were turned out for 'water for a few minutes once in the 
morning and again once in the afternoon. For maximum eonsumption, the 
tops were fed in small amounts so that the animal received a fresh supply at 
approximately half -hour intervals. Severely bloated animals were treated 
wdth turpentine and deprived of further feed for the day. 

■ The alfalfa tops were cut when the alfalfa was in a very suceuient stage, 
10 to 14 inches high. We attempted to cut tops about 4 inches long; but 
because of variations in plant growth they varied from about 2 to 8 inches. 
The tops w^ere cut wuth an ordinary mower equipped with a metal apron for 

TABLE 2 

Bloat on green alfalfa tops: total tops consumed, tops consumed tuhefi Moat was 
frst manifest (JigHres in. parenthesis) , and maximum Moat 
reached during the dap 


Bate 

(1943) 

Cow 1003 

Cow 760 j 
1 

Cow 1030 

; Cow 788* 

7-27 

i 124 (116)sliglit 

76 i 

118 


7-28 

i 64 (61) severe 

43 ' 

79 


7-29 

76 (76) severe 

53 

' 90 (43) slight 


7-30 

> 52 

33 ! 

i 75 (41) marked 

1 

7-31 

52 : 

23 ^ 

1 69 

1 

8-24 

i 78 i 

40 i 

i 73 

47 

8-25 

86 (80) severe 

86 

i 117 

55 

8-26 

86 (86) severe 

69 

88 (88) severe 

31 (8) slight 

8-27 

61 (55) severe * 

71 

1 15 

60 

8-28 

67 (67) severe 

44 i 

27 I 

39 (37) slight 


* No observations on this animal prior to 8-24. 


catching the tops, the outer end of the sickle bar being held at the required 
height by means of a special shoe. One person followed the mower and 
raked the tops onto the apron. 

Twelve cas^s of bloat w^ere produced over the 10-day period, seven of 
which were severe enough to require treatment (table 2) . Three cows failed 
to bloat. Because these three consumed similar amounts of feed, the data 
on only one (cow 760) are inelnded in the table. The feed consumption of 
cows 760 and 788 (Jerseys) is considerably less than for the other two ani- 
mals, which were Holsteins and therefore considerably larger. About one 
cow out of four bloated 'each day — ^that is, only about half the number we 
have usually encountered w^hile pasturing alfalfa at a similar stage of devel- 
opment. The fact that certain individuals bloat with considerable regular- 
ity can be utilized to advantage in certain studies relating to bloat. 

That bloat can be produced by feeding green 'tops is interesting because 
the feeding of cut green alfalfa in the corral has been successfully employed 
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in preventing bloat. Bloat is probably avoided by this procedure because 
the coarse lower stems are included and also because the alfalfa is usually 
cut at a more advanced stage. The fact that less bloat results from feeding 
tops tlian from pasturing may be explained by the possibility that coarser 
stems are cut than the cow would normally consume while pasturing. 

Some tops were cut coincidentally with those fed green and dried in a 
fruit dehydrater. When these dry tops were fed to three cows over a 4-day 
period, only two slight cases of bloat occurred. The cows were given all the 
dry tops they would consume between 7 : 00 a.m. and 2 : 30 f.m. At 4 : 00 
A.M., and again at 3:00 p.m. each cow received 4 ponnds of concentrates. 
Drying of the tops apparently reduced their capacity for producing bloat. 

TABLE 3 


Feeding of hafley straw to prevent bloat on alfalfa pasture 


Bate 

(Oct., 

1943) 

Concentrates 
per cow, 
pounds 

straw* 

Number 
of cows 

Number 
eases 
of bloat 

Bed per 
cow, 
pounds 

Av. amount 
consumed, 
pounds 

4 

6t 



8 

4 

5 • 

0t 



8 

5 

6 

6t 



8 

5 

7 





8 

3 

8 


5 

1.7 

8 

! 4 

9 


5 

2.2 

8 

! 4 

10 


8 

5.0 1 

7 

3 

11 


8 

: 4.1 1 

7 

4 

12 



i 

8 

0 

13 




8 

5 

14 




8 

6 

15 

'“et 



8 1 

3 

16 


1 


8 1 

6 


* WLen 5 pounds of straw were fed per cow, this amount was given 2 hours prior to 
pasturing on alfalfa; when 8 pounds were given, the cows had access to the straw over- 
night. 

t Concentrates fed afternoon before day of trial. 
t Concentrates fed on morning of trial rather than night before. 

This was not because of lowered feed consumption : the total dry matter 
ingested was about the same as when green tops were fed. Probably the dry 
tops were more irritating, but more rumination occurred on both green and 
dry tops than one would expect if the same field, from which the tops were 
cut, were to be pastured. At any rate, these preliminary experiments do 
not indicate that dry tops are satisfactory for producing bloat. 

Feeding of barley straw to prevent bloat. Earlier studies (3) indicated 
that bloat mn alfalfa pasture could be prevented by supplementing with 
Sudan grass hay or pasture. Alfalfa hay varied in eSeetiveness, presum- 
ably according to its coarseness. Since straw is available in most regions 
at a low cost, its effectiveness in preventing bloat was studied. Pour lactat- 
^ ing and three or four dry dairy cows were used. All were treated similarly 
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except tiiat the dry cows were fed straw as a group, wlaereas tlie lactating 
cows were fed individually. Table 3 shows details of the feeding and the 
frec|uency of bloat. Obviously, straw’ did not prevent bloat under the con- 
ditions of this experiment. One eow bloated after eonsiiming 5.5 pounds 
of straw the night before. There may have been a very slight decrease in 
the ineidenee of bloat; but three animals bloated severely and required 
treatment while receiving straw. A tentative explanation of the ineffective- 
ness of straw’ is the rather small amount consumed. As the consumption 
of Sudan grass hay was not measui'ed in our earlier studies (3), we do not 
know the actual differences in amounts of Sudan grass hay and straw coii- 

TABLE 4 


Variations in individual susceptiMlity to hJoat of coios 1003, 760, and 1030, as compared 
with the incidence of bloat for the group as a whole 
Key : B, definitely slightly bloated ; M, markedly bloated ; S, severely bloated 


Bate 

(1943) 

Num- 

ber 

cows 

in 

trial 

Num- 

ber 

cows 

bloated 

Cow 

1003 

Cow 
760 , 

Cow 

1030 

Bate 

(1043) 

Num- 

ber 

cows 

ill 

trial 

Num- 

ber 

cows 

bloated 

Cow 

1003 

Cow 

760 

Cow 

1030 

7-27 

4 

1 

B 



9-23 

10 

2 



B 

7-28 

4 

1 

S 



9-24 

10 

3 

B 



7-29 

4 

2 

S 


B 

9-27 

10 

3 

B 



7-30 

4 

1 



H 

0-30 

10 

4 

M 



7-31 

4 

0 




10-1 

10 

5 

B 



8-24 

6 

0 




10-2 

10 

3 




S-25 

6 

1 

S 



10-3 

10 

2 




8-26 

6 

3 

S 


S 

10-4 

8 

4 

M 



S-27 

6 

1 

1 s 



10-5 1 

8 

5 

M 



8-28 

i 6 

2 

1 s 1 



10-6 ! 

8 

- 5 

i M 

M 


9-13 

29 

6 

1 j 



10-7 i 

; 8 

3 

j M 



9-14 

28 

9 

1 D 


M 

10-8 

8 

4 

M 


b” 

9-15 ! 

27 

12 

M 

Out* 

M 

10-9 

8 1 

4 

I B' 1 


B 

9-16 ' 

28 

9 


H 

B 

10-10 

7 

3 ■ ^ 

! M 



9-17 

28 

11 

1 M 

B 

B 

10-11 

1 7 

4 

1 B 


D 

9-18 

13 

2 




10-12 

i 8 

6 

B 


B 

9-19 

10 

2 


i) 


10-13 

1 8 

5 

1 B 

M 

M 

9-20 

10 

i 

' s’ 


B 

10-14 

! 8 

6 

1 B 

M 

B 

9-21 

10 

4 

s 

B 


10-15 


3 

! 

M 


9—22 

10 

'2 




10-16 

1 « 

6 

! B 

M 

d' 


*, ^ ^ Oat ^ ^ means aot in trial on this date. 


sumed. "We are basing our explanation, therefore, on the well-recognized 
fact that barley straw is rather unpalatable. 

Yurmtims in mdimdiml smceptibility. As already reported (3), indi- 
viduals appear to differ markedly in susceptibility to bloat. Although more 
extensive observations have confirmed this -belief, clearly too, an individual 
may vary in susceptibility. In other words, animals hilherto rather resis- 
tant suddenly become very susceptible. As examples, data on individual 
susceptibility of cows 1003, 760, and 1030 are shown in table 4. The number 
of animals in the trial and the total number bloating each day are also shown 
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in order that the results may be better e^^aluated. Cow 1003 bloated more 
regularly than the other three animals shown in the table. Seyere bloat, 
however, occurred in her most regularly between July 27 and August 28, 
when the incidence of bloat for all the animals on test was low. Between 
October 11 and 16 she bloated only slightly even though the incidence of 
bloat for the group was high. Cow'S 760 and 1030 were 3^ery irregular. 
Cow 760 did not bloat for 12 days beginning July 27, whereas beginning 
October 13 she was markedly bloated on four consecutwe days. Though 
some of these variations undoubtedly result from variations in appetite, this 
explanation does not suffice for all eases. We have data on food consump- 
tion for cow 760 during part of both periods mentioned. The average con- 
sumption of green tops over the j&rst 2 hours of the feeding period on August 
24 to August 28 inclusive was 40 pounds. In addition, this animal received 
]4 pounds of concentrates per day. Her average consumption for the first 
2 hours of the feeding period on October 13 to 16 inclusive was 35 pounds. 
On October 13 and 14 she received no grain, and on the following 2 days 
she received 6 pounds shortly before being turned out to pasture. Actually, 
therefore, she consumed more during the first 2 hours of the period when 
she did not bloat than dnring the last period, 3vhen she bloated each day. 
Her grain consumption, too, was greater during this first period. To be 
sure, we have considered only the amount of alfalfa consumed during the 
first 2 hours of the feeding period ; but in our experience this is usually a 
reliable criterion in comparing food intake on different days. 

If feed consumption does not explain all the variations in individual 
susceptibility, what is responsible! Although our data give no clue, we 
suspect that variations in ruminal motility may be involved. As we have 
pointed out earlier (2), belching occurs only when the rumen is in an active 
state of contraction. Apparently a lack of coarse roughage for a consider- 
able period may lead to faulty ruminal conti'actions. 

Time at which Moating occurs. In earlier experiments (3), a majority 
of animals bloated 1,5 to 3.5 hours after being turned onto pasture. Al- 
though further experiments conducted under similar conditions ha^-e con- 
firmed this result, we now find that the time of bloating varies considerably 
according to the feeding regime. In the ground hay and concentrate ex- 
periment cited above, all but 4 of the 21 cases of bloat occurred after 1 : 30 
p.M. even though feeding began at 4 : 00 a.m. 

Table 5 shows how supplemental feeding affects the interval between the 
time the eo3VS are turned into alfalfa pasture and the occurrence of bloat. 
The feeding of grain just before pasturing greatly reduced the interval 
before bloat was manifest. Our data do not indicate, however, that this pro- 
cedure increased either the number of cows bloating or the severity of bloat. 

Susceptibility of dry and lactating cotes. For comparison of suscepti- 
bility, 11 dry and 17 lactating cows were turned into the same field. There 
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were 9 cases of bloat over the 4-day period (20.5 per cent) among the dry 
coAvs as compared with 32 eases of bloat for the lactating cows (47.0 per 
cent). These data are in line with what one would expect on the basis of 
feed consiiiiiption — the lactating cows eating considerably more^ as we shall 
show later. There also appears to be a tendency for lactating cows to bloat 
more severely. 

Amount of green alfalfa consumed. Table 2 show's the consumption of 
green alfalfa tops in the barn. Studies Avere also made on the consumption 

TABLE 5 


The relation of supplemental feeding to the time (in miniates) for Moat to occur after 
cattle are turned into alfalfa pasture 


Date 

(Oct, 

1943) 

Supplemental 

feeding 

Cow 

597 

Cow ' 
738* ; 

■ 

Cow 

757 

Cow 

1028 

Cow 

1046 

Cow 

788 

Cow 

760 

Cow 

1003 

Cow 

1030 

Aver- 

age 

4 

Grain afternoon 
before 

t 

75 


65 

275 

212 


85 


142 


Grain afternoon 
before 



430 

75 

85 

75 


439 


221 

6 

Grain afternoon 
before 





345 

45 

65 

170 

352 


195 

7 

None 


331 


143 



103 


331 


227 

8 

Straw night be- 
fore 




140 


1 1 5 


360 

285 

240 

9 

Straw night be- ; 
fore s 


153 


122 


63 i 


326 

301 i 

193 

10 

i 

Straw night be- 
fore ! 


287 

363 

115 

' 

68 


328 


232 

11 

Straw night be- ; 
fore 


105 

1 350 

93 


100 


410 

410 

245 

’ 12 

None 

313 


1 

71 

105 

88 


388 

293 

210 

13 j 

None i 

! 

133 1 

i 

93 


143 

163 

333 

247 

185 

14 '! 

None 1 


104 ! 


i 58 

91 i 

51 

73 

371 

186 

133 

15 

Grain 1 hour 
before 


1 

97 


j 


71 

46 



65 

16 

Grain 1 hour 

before ' 

1 

140 

28 


j 46 

1 

38 

28 

33 

106 

106 

68 


* This cow received no straw at anv thnej and cow 1028 received no straw on October 
10 and 11. 

f Blank spaces indicate that no bloat occurred. 


of alfalfa during the first 2 hours of pasturing. The cows were weighed 
before and after pasturing, and ail voided urine and feces were collected and 
weighed. Insensible losses were not taken into account. As the period of 
pasturing extended from 8 : 00 a.m. to 10 : 00 a.m., there were also some varia- 
tions in de-w. In samples taken on one representative day the per cent dry 
matter of the alfalfa ranged from 15.8 at 8 : 10 to 19.5 at 10 : 15 am. We are 
giving these figures because variation in moisture is presumably the major 
source of error. As the animals from which data are cited were quiet and 
well trained, there was no appreciable error due to failure in collecting all 
excreta. We found, however, that very few of the other animals at our 
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disposal Mere so gentle as might be desired, particularly for the collection 
of feces. The animals were allo\Yed to graze when and where they chose in 
the field; but a halter with a long lead rope restrained them when excreta 
were being weighed and recorded. 

The amount of alfalfa consumed during the first 2 hours of pastiming 
is shown in table 6 for one dry and one lactating cow under several different 
regimes of supplemental feeding. The average initial weight before pas- 
turing for the 13 days of the experiment was 824 pounds for cow 757 and 


TABLE 6 

Amount of green alfalfa consumed ly a dry and a lactating cow over a two-hour period 
and its relation to supplemental feeding 


Date 

(1943) 

Supplement fed 

Alfalfa consumed, in pounds 

Cow 757 1 

(dry) 

Cow 760 
(lactating) 

10-7 

None 

17.0 

43.5 

10-12 

None 

19.7 

53.8 

10-13 

None 

19:5 

50.6* 

10-14 

None 

16.2 

30.8t 


Average 

18.1 

44.7 

10-5 

6 pounds concentrates the night before 

12.4$ 

49.6 

10-6 

6 pounds concentrates the night before 

12.5 

39.3* 


Average 

12.5 

44.5 

10-15 

6 pounds concentrates in morning 

15.2 

29.2t 

10-16 

6 pounds concentrates in morning 

3M 

28.8f 


Average 

9.1 

29.0 

10-8 

5 pounds straw at 6: 30 a.m. 

35.2 

60.2 

10-9 

5 pounds straw at 6: 30 A.M. 

25.8 

50.0 

10-10 

8 pounds straw overnight 

22.4$ 

36.5 

10-11 

8 pounds straw overnight 

33.8$ 

43.6 


Average 

29.3 

47.6 


* Markedly bloated at 11 :10 a.m. 

t Bloated during more tkan half of feed consumption period. 

t Slightly bloated at 3 : 00 p.m. 

§ Buminal gas could be palpated during all except first 28 minutes of pasturing 
period, but not under sufficient pressure to call ^ ' slight bloat ’ * ; this gas no doubt de- 
pressed appetite. 

909 pounds for cow 760. Assuming that the feed consumption increases in 
proportion to | power of body weight, cow 760 would consume 8 per cent 
more than cow 757. In comparing feed consumption of lactating and dry 
cows, one should preferably have several animals in each group. That was 
our intention, but (as mentioned) it w^as difficult to find, cooperative animals. 
As an indication of relative capacity, the fat records of these two animals 
as senior yearlings were 345 pounds for cow 760 and 447 pounds for cow 
757. Witliout supplemental feeding, the lactating animal ate 2^ times more 
than the other. The feeding of straw just before pasturing increased feed 
consumption. Although the straw did not prevent bloat, it apparently had 
a tendency during the first hour or two to prevent the slight accumulation 
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of gas (really an early stage of bloat) that depresses appetite. Individuals 
react quite differently to gas accumulation. Many will stop eating the 
moment gas can be palpated, w'hereas others will continue eating even 
though the gas is under considerable pressure. These latter animals are 
more liable to bloat seriously. The fact that alfalfa, consumption is actually 
stimulated by prior feeding of straw may partly explain why it is not more 
efficient in reducing the incidence of bloat. 

The feeding of concentrates just before pasturing had the opposite effect 
from feeding straw : the consumption of alfalfa was reduced, largely because 
bloat depressed appetite. When concentrates were fed the night before 
pasturing, the feed consumption was comparable with that when no concen- 
trates were fed.^ 

As already mentioned, the rate of consumption of alfalfa by pasturing 
w^as comparable wdth the consumption of green tops in the barn over a 2-hour 
period. Probably, then, the daily consumption of tops in the barn as shown 
in table 2 gives a fair index for similar periods of time in the field. We have 
data on one dry cow pastured 6 hours daily for 3 days. Her average initial 
weight before pasturing was 1,079 pounds, and she consumed an average of 
33.7 pounds daily over the 6-hour period. This cow received no supple- 
mental feeding. Comparing this figure with the figures for cow 757 (table 
6), which received no supplements, one could estimate that a dry cow eats 
as much during the first 2 hours as during the next 4. Since, however, dif- 
ferent cows and different fields are involved, the estimate is of doubtful 
value. 

A point of primary interest here is the amount of alfalfa consumed before 
bloating occurs. Table 2 gives some data when green alfalfa tops were fed. 
As a rule, bloating did not occur until more than 50 pounds had been con- 
sumed ; but one animal did bloat after consuming 8 pounds. Table 6 gives 
limited data for cows on pasture. If grain is fed Just before pasturing, 
bloat may take place before much alfalfa is consumed. The variable time 
at which bloat occurs after co'ws are turned into pasture (table 5) indicates 
that there is considerable latitude in the amount consumed before bloating. 
Assuming that the period of time on pasture before bloat occurs is an index 
of consumption, there are marked indmdual differences in this respect. For 
example, compare cows 788 and 1003 in table 5. The former usually bloated 
before the end of the second hour of pasturing, whereas No. 1003 usually did 
not bloat until after the fifth hour even though she was a particularly good 
feeder (see tables 1 and 2 for feed-consumption data). 

1 "We have not ascertained how the feeding of concentrates before pasturing affects 
the incidence of bloat. Without submitting data in confirmation, Espe, Jacobson, and, 
Cannon (4) state, ^^Teeding grain, dry hay or silage before putting cattle on legmm 
pastures will help prevent over-eating and, in turn, bloat. ^ ^ The amounts of grain we have 
used have had no appreciable effect on the incidence of bloat (table 3). 
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DISCUSSION 

These studies support tlie view that the lack of siifiBcient coarse irritating 
material in the diet is the chief cause of bloat on legume pastures. The work 
on ground alfalfa hay gives clear-cut evidence that the physical character of 
the feed is an important etiological factor in bloat. Additional evidence is 
provided by the fact that we have been able to pi'edict bloat on eight different 
fields, some of them on two or three occasions, merely by taking into account 
the siiceiilenee of the alfalfa and the absence of weeds or grasses. We did 
fail to produce bloat in one field early in the spring even though we were 
successful in two other attempts. When pastured eaiiy, this field was con- 
taminated with annual grasses. Since the grasses were lower than the 
alfalfa, we expected that the cows wuuld eat only the alfalfa. On the con- 
trary, they consumed grasses for the most part. 

The evidence indicates, further, that lactating cows are more sub- 
ject to bloat because of greater feed consumption. Eeviewing the evidence 
submitted in table 2, however, one sees that bloat is not invariably associated 
with high feed consumption. Because of variations in individual suscepti- 
bility, not correlated -with feed consumption or with the bloat-producing 
capacity of the feed, these appear not to be the only factors that determine 
whether or not a certain individual will bloat on a given day. As we have 
already suggested, variations in ruminal motility may account for these 
changes in susceptibility. 

Bloat has been produced by feeding ground hay and concentrates or by 
feeding alfalfa tops in the barn as well as by pasturing.- We can add some- 
what to our previous discussion (3) on means of inducing bloat by pasturing 
legumes. Very young alfalfa (4r-6'0 for instance, is rather unpalatable and 
thus not suitable for bloat studies. Cattle turned into young alfalfa will 
invariably consume the less succulent alfalfa (more stemmy) on the ridges 
used to check irrigation water. . On the other hand, alfalfa is no longer suit- 
able for bloat studies when the top part of the plant becomes stemmy. Ap- 
parently one reason why bloat is produced rather easily under our conditions 
is that we can supply the alfalfa with optimal amounts of water throughout 
the summer. In late fall a field may remain in a bloat-prodiieing stage for 
several weeks because of the slow maturity resulting from cooler weather. 

SUMMABY AND CONCLUSIONS 

1. Ill a series of experiments involving an average of 9 cows for 61 days, 
194 cases of bloat were produced. 

2. Demonstrating that the physical character of the feed is an important 
etiological factor in bloat, 21 mild eases of bloat were produced in 4 cows over 

2 The effect of feeding green alfalfa tops to ewes in the barn has also been studied 
(unpublished data) . Over an 11-day period 26 eases of bloat were encountered in 5 ewes ; 
but none of the cases was severe enough to require treatment. 
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a 15-da3’' period by feeding ground alfalfa bay and eoneentrates in a 60-40 
or 50-50 ratio. Only one case of bloat occurred when concentrates were fed 
in the same proportion with the same hay iingronnd. 

3. Twelve eases of bloat, 7 of which were severe enough to require treat- 
ment, were induced by feeding green alfalfa tops in the barn to 4--6 cows 
for 9 days. 

4. Supplemental feeding of barley straw at night to cows pastured on 
alfalfa during the day was not effective in preventing bloat. 

5. Variations in individual susceptibility occurred that could not be ex- 
plained either by feed consumption or by the nature of the feed. We con- 
clude that these changes in susceptibility of an individual depend on some ’ 
change in physiological activity of the rumen — ^for example, motility. 

6. Bloat occurred sooner after animals were turned into pasture if grain 
was fed just before pasturing. 

7. Certain data indicate that lactating cows are more susceptible than 
dry cows. 

8. Over a 12-day period, the average amount of alfalfa consumed hj a 
dry cow during the first two hours of pasturing was 19.4 pounds as com- 
pared with 43 pounds for a lactating cow. The feeding of straw overnight, 
before pasturing, markedly increased the consumption of alfalfa by the dry 
covr during the first tw’o hours ; the affect on the lactating cow w^as less con- 
spicuous. Feeding of concentrates just before pasturing decreased con- 
sumption of alfalfa, wutli no apparent effect upon the incidence or severity 
of bloat. 
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NON-PEMMEABILITY OF THE MAMMAEY OLAND TO 
THYEOID HORMONE 


E. P. EEIIN^EKE AND C. W. TUBXEB* 

Missouri Agricultural Bxperment Station^ Columbia 

As a result of experiments first reported by Graham (10, 11) and repeat- 
edly confirmed by a number of investigators, it is now well established that 
increases in both the milk yield and butterfat test of laetating cows can be 
brought about by the administration of thyroid substance or thyroxine. 
Practical use of thyroid for this purpose was prevented by its limited supply 
and high cost. 

However, detailed studies of the authors on the formation of thyroidally 
active compounds by combining iodine with casein (25, 18, 20, 26) finally 
resulted in the development of an inexpensive process for the formation of 
a s}Tithetic ‘^thyroprotein” that exerts many -times the effect of U.S.P. 
thyroid, as measured by the usual assay methods. Proof that the active 
piuneipal in this synthetic thyroprotein is identical with that in natural 
thyroid was provided by the recovery in high yield of crystalline d, 1-thyrox- 
ine (21) and, finally, crystalline 1-thyroxine (22). 

Prononneed increases in daily milk yield and milk fat percentage were 
observed when synthetic thyroprotein was fed to laetating cows, as reported 
by Reineke and Turner (23) and Reineke (19), and confirmed by Van 
Landingham, Henderson and Weakly (34), and Blaxter (3). 

Although much more extensive experiments will be required, particularly 
on the effects of continuous feeding of thyroprotein to dairy cattle, before 
its effects can be fully evaluated this product holds considerable promise as a 
means of increasing and maintaining milk production. 

The question then arises whether or not the feeding of thyroprotein 
would result in transmission of thyroxine into the milk. 

Although a few experiments have been interpreted to indicate the passage 
of thyroid hormone into the milk, no direct evidence in support of such a 
view has been reported. Having noted that experimental hyperthyreosis 
reduced the growth rate of rats, Lukaes (16) administered thyroid to lactat- 
ing rats and observed the growth rate of the young. He reported that the 
young of the hyperthyroid females were retarded in their growth 81 to 34 
per cent. From this he concluded that thyroid hormone passes into the milk 
and further that the amount present changes according to the eoneentration 
in the mother ^s system. However, it is known that both excessive hyper- 
thyreosis (Herman, Graham and Turner, 13) and thyroidectomy (FoHey, 8-, 

Bee^veS for publication March 11, 1044. 

* Contribution from the Department of Dairy Hnsb-aniry, Missouri Agrieuiteral Ex- 
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Prelieim, 17) -will depress tlie rate of milk secretion. Prekeim lias presented 
a good review of the literature. 

It appears from an examination of all the experiments in this field that 
lactation is suppressed hy hypothyroidism, stimulated increasingly by 
higher levels of thyroid secretion, and is again depressed when the stimu- 
lation reaches excessive levels. Since both thyroidectomy and hyperthyreo- 
sis depress milk secretion, the growth rate of nursing yonng is too nonspecific 
to determine whether or not thyroprotein is transmitted to the milk. 

Konsniov (15) reported that thyroidin administered to a iactating 
mother passed into the milk and caused an increase in the carbon dioxide 
prodnction of the nursing infant. This work mnst be interpreted with cau- 
tion, however, since Brody (4) found that the metabolism of rats receiving 
larger amounts of milk (by reducing the number in a litter) have a markedly 
higher rate of oxygen consumption than those receiving less milk. Thus 
following thyroid administration, a higher rate of milk secretion would in- 
crease the metabolism of the young due to greater intake of nutrients, with- 
out postulating the passage of thyroid into the iidik. 

In all cases where a more critical and specific measure of the possible 
transference of thyroid hormone from the maternal system to the milk has 
been made, the results have been completely negative. Simpson (31) com- 
pared the growth rate of twin lambs and kids, one member of each pair being 
thyroidectomized at about one month of age and the other serving as a nor- 
mal control. The thyroidectomized animals soon showed symptoms of 
thyroid deficiency even though the food consisted entirely of the mother’s 
milk for some weeks. He concluded that these facts do not support the idea 
that a thyroid hormone is present in mother’s milk, at any rate in quantity 
sufficient to supply the needs of the athyroid offspring. 

Dorff (6) made similar observations in man in the ease of twins, one 
of which was cretinous. Previous to this, Herman (14) and Gordon (9) 
noted cases of cretinism which wei'e not improved by nui’sing, but responded 
to thyroid treatment. Siegert (30) reported that in cretins with a complete 
absence of the thj^roid gland signs of deficiency may he apparent at birth 
or shortly thereafter. 

In the experiments of Reineke and Turner (24) with thyroidectomized 
kids and Brody and Prankenbaeh (5) with thyroidectomized calves all of 
the thyroidectomized animals rapidly developed cretinism even though they 
were fed milk from normal animals with intact thyroids. 

Earlier experiments in which young mammals were thyroidectomized 
and continued on normal milk without curative effect on the induced cretin- 
ism were reported by Simpson (32) on sheep, Basinger (1) on rabbits, 
Binswanger (2) on dogs and Salmon (28) on rats. 

These extensive experiments on a long series of mammals from the rat 
to the cow uniformly fail to provide evidence of the transfer of thyroid 
hormone to the milk of animals with a normal thyroid gland. 
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It is also reported by Elmer and Kyeliiik (7 ) that milk yields only a trace 
of tliyroxinedike fraction after hydrolysis. In his book, ^^The Endocrine 
Function of Iodine,” Salter (29) reviewed the evidence on the transference 
of thyroxine through the milk and eonc-liided that present at all it must 
be exceedingly small.” 

Even though the evidence fails to show a single instance for the passage 
of normal thyroid secretion into the milk the possibility was suggested that 
w^en thyroidal substances are fed continuously the thyroid level of the blood 
might be elevated sufficiently to permit passage of traces of active substance 
into the milk. In view of the possible use of the new synthetic thyroprotein 
for the stimulation of increased lactation, and the ultimate consumption of 
the milk so produced by humans, it seemed desirable to investigate further 
the question whether thyroprotein-f ed cows would secrete detectable amounts 
of this hormone in their milk. 


EXPERIMENTAL 

Three experiments were conducted in which synthetic thyroprotein was 
fed to cows, and the milk was fed to suitable test animals for detection of 
possible thyroidal properties. The synthetic thyroprotein, hereafter desig- 
nated as “Protamone,” was kindly supplied by Dr. W. R. Graham, Jr., 
Cerophyl Laboratories, Kansas City, Missouri. In experiments number I 
and II the experimental milk was fed to guinea pigs and in experiment III 
young thyroideetomized goats were used as test animals. In experiment lY 
similar milk was tested in man. 

Experiments with guinea pigs. Tw^o groups of six mature guinea pigs, 
paired as to body weight and general condition, were selected for experi- 
ment I. Each animal was numbered and.fplaced in an individual cage and 
as a preliminary, both groups were fed normal pasteurized milk for a period 
of two weeks to accustom them to this type of diet. Each animal was given 
100 ml. of milk daily, and the amount refused was measured back, the actual 
milk consumption thus being estimated by difference. To provide addi- 
tional nutritive factors each animal was given 6 grams of dehydrated and 
finely ground cereal grass^ daily which was mixed with 25 nil. of milk, A 
mineral supplement consisting of 1 mg. of iron, as ferric pyro-phosphate ; 
0.1 mg. of copper, as copper sulfate ; and 0.1 mg. of manganese, 'as manganese 
sulfate, w-as fed daily in a gelatin capsule. In addition to the milk-eon- 
sumption data, the body weight of each animal was recorded daily. One 
animal in each group failed to do well after 10 days on the normal milk diet 
so new animals were substituted for each. 

Metabolism measurements of the individual guinea pigs on the experi- 
ment were made during the last three days of the preliminary period and 
' 1 Cerogras, kindly supplied by tbe Cerophyl laboratories, Ine., 2438 Broadway, Kaaisas 
City, Missouri. 
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at intervals for fourteen days after being placed on the milk from the tliyro- 
protein-fed cow. The determinations were made in a modified Haldane 
type^ open circuit respiration apparatus for small animals, using the weight 
of carbon dioxide produced during a period of one hour as an indirect 
measure of the metabolism. To facilitate comparisons of values for indi- 
vidual animals the data were converted to the basis of carbon dioxide pro- 
duction per 100 gm. body weight per hour. 

After 14 days on the milk diet, raw milk from normal Holsteins and 
from Holsteins on a high dosage of thyroprotein was substituted in the diets 
of groups I and II, respectively. 

Rather extensive feeding trials with synthetic thyroprotein of the potency 
now available (3 to 4 per cent as potent as d,l-thyroxine) have shown that 
1 to 1-| grams per 100 lbs. body weight daily is tolerated nicety by cows and 
will cause significant increases in their production of milk and butterfat. 
In order to make the present test as critical as possible, the cow supplying 
the milk for this experiment was given the maximum amount of thyroprotein 
that she would tolerate. Beginning on March 18, 1943, she was fed 90 grams 
of thyroprotein daily in her grain feed, an amount far above what would 
ever be used in practice. By April 7, it was evident from the cow’s physical 
symptoms that she would not tolerate this dosage indefijiitely. Accordingly 
the dosage was reduced to 45 grams daily, and continued at this level to the 
end of the experiment. The guinea pigs in group II received milk from 
this cow from April 1 to April 14, 1943. 

RESULTS 

Inasmuch as there were no significant differences in the milk consump- 
tion or trend of body weight the detailed data on these factors will be omitted 
for the sake of brevity. After the guinea pigs had become accustomed to the 
milk diet they consumed an average of 80 to 90 ml. of fluid milk daily. In 
addition they received, approximately 25 ml. daily with the grass supple- 
ment, making a total consumption of 100 mi. or more daily. 

After an initial drop in body weight during the preliminary period while 
the animals were becoming accustomed to the milk diet there was some gain 
in weight, and then the values leveled out to a uniform figure. The milk 
from the ^'^Frotamone-fed” cow had no effect on body weight of guinea pigs 
as compared to the controls on normal milk. 

A comparison of the average carbon dioxide output of the two groups of 
guinea pigs, determined at intervals during the experiment, is shown graphi- 
cally in figure 1. 'With the exception of the minor fluctuations that are 
always, encountered in metabolism studies, the average values for both 
groups remained at practically the same level throughout the experiment. 
Therefore, no evidence could be found for the passage of thyroidal substance 
into the milk of "'Protamone-fed” emvs during the period covered in this ' 
experiment. 



THYROID HORMONE IN MILK 


797 


All of tlie earlier clinical and experimental work on tliyroid administra- 
tion indicates that tlie dosage does not become cumulative over a long period 
of time. Instead there is a gradual rise in metabolisnij starting about the 
third day after dosage is begun, and reaching a peak in about two weeks. 
The Bietabolisiii then remains constant at this new level as long as the dosage 
is continued. Nevertheless, it seemed desirable to extend the experiments 
on milk from “Protamone-fed^^ cows over a longer period to determine 
whether any hormone would be transmitted to the milk with continuous 
feeding. 

Therefore, experiment II was set up using the same experimental pro- 
cedure described for experiment I. However, the period during which the 
experimental milk was fed was extended to 8 weeks. During the last 2 



DATE 

Eig, 1. Tlie effect of milk from a ^ ^ Protamone-f ed ^ ^ cow on the restiag carbon 
dioxide output of mature guinea pigs. Group I received normal milk throughout. Huring 
the last two weeks group II received milk from a cow that was being fed a high dosage of 
^^Frotamone.'’^ 

weeks the animals in group I (receiving milk from a ‘‘Protamone-fed’* cow) 
were injected with 1-thyroxine at the rate of 2.5 micrograms per 100^ gm. 
body weight daily. Group II received normal Holstein milk throughout. 
Milk for the experimental group was obtained from a Holstein cow receiving 
the more nearly optimal dosage of gm. ^‘Protamone’'^ per 100 lbs. body 
weight. On this dosage this cow showed an initial rise of 11 per cent in 
milk production, but no serious loss^es in body weight. Two groups of 6 
guinea pigs were started on experiment, but 1 animal of each group failed 
to become adapted to the milk diet,, and, therefore, data are reported on 5 
animals in ea,eh group. 

The milk consumption and body weights of both groups followed the 
same trend as, described in the previous experiments. Therefore, no further 
comment wi,ll be made on these points. 
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A comparison of the average carbon dioxide output of the two groups 
of guinea pigs is showui graphically in figure 2. Here again both groups 
follow the same metabolic trend with minor deviations, throughout the six 
■weeks on the experimental milk diet. Analysis of the individual determina- 
tions during the six -week period before group I was injected "with thyroxine 
revealed that 95 determinations of the carbon dioxide output of the animals 
in group I averaged 106.5 mg, per 100 gm. body weight, standard deviation 
11.803 mg. The average carbon dioxide output in 88 determinations on 
group II during the same period was 102.8 mg. per 100 gm. body w^eigiit, 
standard deviation 14.051 mg. The standard error of the difference was 
6.0676 mg.j t value, 0.576. As shown by the test (Snedeeor, 33) the 
difference between the twn groups is insignificant. By comparison with 



DATE 

Ekj. 2. The effect of milk from a ‘ ' Protamone-f ed ’ ^ cow on the resting carbon 
dioxide output of mature guinea pigs. During the six-week period that group I received 
the experimental milk no significant elevation of metabolism was observed. Injection of 
2.5 micrograms of I-thyroxine during the final period caused a 25 per cent increase in 
metabolic rate. 

these values obtained on a milk diet, 110 determinations of the resting carbon 
dioxide of normal guinea pigs on a stock diet as determined previously 
(unpublished) was 105.7 mg. per 100 gm. per hour. Thus it is apparent 
that the guinea pigs fed the experimental milk in the maximum amount they 
would consume did not differ significantly in their metabolism from similar 
animals on a normal milk diet, or on a stock diet. No evidence could he 
found, therefore, for the transmission of thyroidal substance to the milk of 
cows fed ^ * Protamone. ’ ' 

It is well known that the guinea pig is the most responsive to thyroidal 
stimulation of all the laboratory animals, and, therefore, should be capable 
of detecting such transference if it occurs in biologically significant amounts. 
As an indication of their sensitivity, attention is drawn to tb^e, results ob- 
tained (fig. 2) when 2.5 mierograms of 1-thyroxine per 100 gm. body weight 
was injected daily in the animals of group I. The average carbon dioxide 
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output of this group for six days previous to the injections was 105.4 mg. 
per 100 gm. body weight. The carbon dioxide output began to rise by the 
third day of iiijeetioii and reached the maximum by about the eighth day. 
The carbon dioxide output during the last six days on which determinations 
were made vras 132.5 mg. per 100 gm. body w’eight, an increase of 25.7 per 
cent. 

Experiment with thyroklectomized goats. In addition to the experi- 
ments with guinea pigs, milk from ‘‘Protamone-fed^^ cows -was fed to a 
group of thyroidectomized goats in order to test possible thyroidal effects. 

Thyroideetoniized animals are very sensitive to thyroidal substance since 

TABLE 1 

The metabolism of thyroklectomised goafs before avel after receiv'uig mill: 
from tJiyroiJrotehi-fed eows 


Bate 

Metabolism, calories per day 

Bemarks 

Goat 
No. 40 

Goat 
No. 26 

Goat 
No. 57 

Goat 
No. 19 

Average 
all goats 

. 

3/1/4B 

727 

1024 

936 

947 


Preliniinary period 

3/2/43 

669 

1026 

982 

837 



3/3/43 

808 

1007 

852 

1018 



3/4/43 

882 

926 

806 

806 



3/5/43 

806 

1192 

1236 

994 



Mean 

778 

1035 

963 

920 

924 


3/9/43 j 


1247 

1312 

1010 


Each goat constimed 

3/10/43 1 

969 

1245 

1068 

958 


5 lbs. milk from 

3/11/43 

985 ! 

1219 

743 

; 942 


thyroprotein- fed 

3/12/43 I 

619 1 

716 

1184 

1 814 


cows daily 

3/16^/43 ^ 

773 i 

1002 

! 926 

1 1144 

i 


3/18/43 : 

587 1 

1119 

! 909 

798 

j 


3/19/43 ^ 

811 

811 

1 689 

1066 



3/20/43 i 

703 

714 

781 

1284 



3/22/43 j 

760 

879 : 

788 

676 



Mean 

777 

995 : 

933 

966 

918 



they have a greatly reduced metabolism, and also show pronounced physical 
symptoms of deficiency tliat can be corrected only by thyroidal hormone. 

For the experiment to be reported, four thjmoidectomized goats with 
long-standing thyroid deficiency were used. These animals were Tliyroid- 
ectomized shortly after birth in the spring of 1941. Shortly' after thy- 
roidectomy, they were given sufficient thyroprotein to maintain them in a 
healthy condition, this treatment being continued until March 21, 1942. At 
this time the thyroprotein therapy was stopped completely and a hypothy- 
roid condition allowed to develop. 

The goats were trained for measurements of oxygen consumption by the 
spirometer method. During a preliminary’- period from March 1 tO' March 
5, 1943, measurements of their resting oxygen consumption were made daily. 
They were then given 5 lbs. of milk daily per goat from 2 Jersey cows that 
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were receiTiiiG* 20 plains of tliyroprotein daily in tlieir feed. The milk diet 
v;m siarteci mi ^^lareli 5 and stopped on March 19. Frequent measiiremeiits 
of Eietabolism were made during this period. Since thyi^oid hormone, if 
present, is knowni to exert its effect for a considerable time, the determina- 
tions were continued to March 22. 

The results are given in table I. the data having been converted to the 
basis of iiietabolism in calories per day. 

During the preliniinary period, the average metabolism was 924 calories 
per day. During 9 days after the experimental milk was fed, the average 
value tvas 918 calories per day. Although fairly large day to day variations 
in iiietaboIis.ii] of iiidividuol goats were observed, these are no greater than 
are eiicoiiritereil normally. Xo definite trend toward a higher metabolic 
level due to feeding the milk from tliyroprotein-fed cows is apparent in the 
records of any of the animals. 

Of at least eqiiai significance is the fact that no evidence of correction 
of the thyroid deficiency symptoms of the goats was observed during the 
milk-feeding period. Prior to starting this trial, goats X’o. 26 and 40 in par- 
ticular showed extreme symptoms of hypothyroidism. They were very 
weak, cinil-Iooking, paunchy, and sluggish in their movements and general 
appearance. The hair was dull and coarse and the skin thick and scaly. No 
improvement was noted while the milk was fed. 

At the close of the experiment each goat was given | gram of synthetic 
thyroproteiii dally for a period of two weeks. Immediate improvement was 
noted. Within a week the goats became stronger, more alert, less paunchy, 
and their appetites improved. The coarse dull hair and outer layers of the 
thick, scaly hide w^ere shed, followed by growth of a nevr, finer coat of hair. 

On the basis of these results, it must be concluded that no evidence of 
transmission of thyroid hormone into the milk could be detected, either quan- 
titatively by measurement of the hietabolism of the milk fed test animals, or 
qualitatively by improvement of their cretinous condition. 

Experiments with mmi. Finally an experiment w^as set up to determine 
the influence of milk from *'Protamone-fed’^ cows upon the basal metabolic 
rate in man. The metabolism was determined by means of a Benediet-Eoth 
Recording metabolism apparatus. The records were taken in the morning 
immediately upon arising. During the initial period, one quart of normal 
eow^s milk was consumed daily. This period was followed by a period dur- 
ing which milk was eonsumed from cows fed ‘Trotamone.'^ Following 
these periods, ^Trotamone'’ was taken orally in amounts sufficient to defi- 
nitely increase the metabolism. Then all thyroidal treatment, was diseon- 
tlimed. 

Subject I A girl 17 years old weighing 120 Iba ,showed an, average 
B.M.I. of - 2 J3 per cent during a period of 16 days in which time one quart'' 
ctaily of normal herd milk was consumed. She then switched to milk from 
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Eig. 3. The effect of milk from ^^Protamone-fed^’ cows on the basal metabolic rate 
in man. During ingestion of 1 quart daily of experimental milk by a 17-year-old girl the 
basal metabolic rate remained within her usual limits. Administration of ^ ' Protamone ^ ’ 
directly caused a significant rise in metabolism. 


cattle receiving tlie recommended dosage of Protamone.^’ Results of the 
metabolism determinations are given in jSgure 3. During a period of 20 
days on milk from “Protamone-fed’’ cows her average B.M.R. was -11.19 
per cent. For a period of 10 days, she next received daily ^ grain of Pro- 
tamone’’ orally in a gelatin capsule. As her B.M.R. still continued below 
normal (ave. -3.64%), the amount of ^'Protamone” was raised to 1 grain 


L.J 

tr 


UJ 



< 





Pig. 4. The effect of milk from “ Protamone-fed ’ ' cows on the basal metaMie rate 
in man. One quart of milk from * * Protamone-f ed ' ^ cow's taken daily by a 46'-year-oM man 
caused no significant deviation from the subject ’s usual metabolc level. Oral administra- 
tion of Protamone caused a rapid and significant rise in the basal metabolic rate. 
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daily. On tliis amoimt tlicre ivas an a|>]n*eeiable rise in energy nietabolisni 
passiii?^' to positive readings in 4 days. Tlie average B.M.E. of the 24-daT 
period was “5.26. Tpoii the vdthclrawal of “Protaiiioned^ the nietabolism 
began to cieeiiiie again and during the month the average B.M.E. was — 2.31. 
It is clear from this record that the consumption of one quart of milk per 
flay from cattle fed ‘‘Protainone’' liad no effect upon energy metabolism. 

Subject II. A man 46 years old weighing 192 lbs. showed a B.M.E. of 
~ 6.15 during a period of 10 days during which one quart of milk from nor- 
mal cows ivas eoiisiimed daily. During tlie next 2 weeks 1 quart of milk was 
consumed daily from eow^s fed ‘'Protamone.’' The B.M.E. averaged - 6.13, 
being in tlie same range as before. However, upon taking 1 grain daily of 
“ProtaiTioiied* the metabolism began to increase immediately reaching a 
Srst peak in 6 days. The ^‘‘Protamone'' dosage was then reduced to i grain 
and. eontiiiiied for 23 days during which time the average B.M.E. was -r 3.87. 
Upon stopping '‘Protamone’’ the B.M.E. declined rapidly. These results 
are shown grapiiieally in figure 4. It is obvious that the consumption of one 
quart of milk daily from eoww being fed ^‘Protamone” had no effect on the 
BALE. ; I grain of ^^Protamoned' however, w^as effective in increasing energy 
nietabolism. 

BISCUSSIOX 

Xo evidence could be found for the transmission of thyroxine into milk, 
as determined by biological tests, even though the cows producing the milk 
iverc fed considerable amounts of thyroactive material. 

„ lUhether or not such transference could be found would depend upon 
such factors as (a) the permeability of the milk secreting cells to thyroid 
hormcme, (b) the effective level of hoianone in the blood stream, and (c) the 
sensitivity of test methods for detecting the hormone in the milk. 

Mlth regard to the first factor, it is knowm that the manimary gland is 
readily permeable to simple iodine-eontaining compounds such as iodides, 
since feeding of iodide or iodine-rich feeds is reflected almost at once by an 
increase in the iodine content of the milk. In the case of '“'^Protamone,” 
how’ever, the active iodine is in firm combination in the thyroxine molecule, 
which in turn is combined as a constituent amino acid of the iodinated 
casein. Subsequent to digestion and absorption, it is not entirely estab- 
lished in what form the thyroxine molecule would be combined. It is known 
that thyroxine is stored in the thyroid as a constituent amino acid of thyro- 
globulin. a giant protein molecule with a molecular weight of approximately 
7'M,00§. It is believed that the circulating hormone is similar to thyi'o- 
gdobuMn if not identical with it. Even though evidence has been reported 
by Graham et aL (12) and Eeineke et aL ( 27 ) that the mammary gland is 
ptoeaWe to certain fractions of the serum globulins, it appears extremely 
/unlikely that the pilk-secreting cells would allow passage of a, huge molecule 
aieh as tliyroglobulin., 
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Tlie dosage of *^Trotamoiie"’ employed in at least one of tkese cases was 
far above what would ever be used in practice for stimulating increased 
milk and milk fat production. Therefore, the level of hormone in the blood 
should certainty have been high enough to test its possible transference 
under practical conditions. 

Finally, as to the sensitivity of the tests employed, it has been repeatedly 
observed that guinea pigs are among the most sensitive of the laboratory 
animals to thyroidal stimulation. If physiologically significant amounts of 
thyroidal hormone had appeared in the milk it should have been detected 
under the conditions of these experiments. 

Therefore, it is concluded that the mammary gland does not permit 
passage of biologically detectable amounts of thyroidal hormone, when “Pro- 
tamone” is given as a portion of the diet. 

SUMMARY AND CONCLUSIONS 

In view of the recent development of highly active sjmthetie thyroprotein 
(Protainoiie) and the possible use of this product for stimulation of in- 
creased lactation in dairy cattle, a series of experiments were conducted to 
determine whether cows fed “Protamone’’ would transmit any thyroidal 
substance in their milk. 

In one experiment guinea pigs were given approximately 100 ml. of milk 
daily for two weeks from cows receiving massive doses of ^‘Protamone.’’ In 
a second trial with guinea pigs, milk from cows receiving a moderate dose 
of “Protamone’’ was fed for six -weeks. Frequent determinations of metab- 
olism during both experiments failed to show any significant differences 
between these animals and paired controls receding a normal milk diet, or 
normal guinea pigs on a stock diet. Eesponsiveness of the guinea pigs to 
thyroidal stimulation was shown by the fact that the experimental group 
while still on the milk diet showed a 25 per cent increase in metabolism when 
2.5 mierograms of 1-thyroxine was injected daily for two weeks. 

In a similar experiment with thyroideetomized goats no metabolic stimu- 
lation or subjective improvement of the cretinism could be detected as a 
result of feeding milk from ‘^Protamone-fed^’’ cows for two weeks. These 
animals responded markedly, however, when | gram of ^^Protamone’' daily 
was fed directly. 

No elevation of the basal metabolism could be detected when a quart of 
milk daily from ^^Protamone-fed’’ cows was consumed by two human sub- 
jects. Significant elevation of the basal metabolic rate occurred when | to 1 
grain of ‘^Protamoiie’^ daily was given orally. 

On the basis of these experiments it was concluded that the mammary 
gland does not permit passage of biologically detectable amounts of thyroidal 
hormone when ^‘‘Protainone’’ is fed to iactating cows. 
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For centuries butteroil lias been prepared and used in Egypt, India, and 
other countries in the Middle East, where it is called Sainn, Ghee, and Maslee 
respecth^ely. The preparation is usually made in small units, and the 
process is called boiling-off.’^ Its origin is not Avell known, since it is a 
deA’'eiopment of traditional farmhouse practice. The method consists mainly 
of heating the butter in an open kettle with continuous stirring until all the 
water is boiled off. The non-fat solids precipitate to form a brown sediment, 
which can be strained from the butteroil. This sediment (called Mourta in 
Egypt, Chhas in India, and Ankenruine or Lure in Switzerland and Ger- 
many) is used as a spread, in cooking, or is fed to animals. Although the 
boiling-off method is being used in Switzerland, Sweden, Prance, and other 
European countries, there is no definite standard procedure Yvith respect to 
temperature control. Butteroil, when correctly prepared by this method, 
aeciuires a special pleasant aroma. 

Parnerker (24) has recently recommended to Indian farmers a modified 
method designed for saving both fuel and fat. In this process the butter is 
melted and allowed to stand in a cool place to solidify the fat; then the 
butter serum is drained off, and the fat is boiled in the usual manner. 

The modern ways of preparing butteroil on a commercial scale may well 
be called the centrifugal methods. These are used in Zealand, Aus- 
tralia, and Germany, and have I'ecently been recommended in the United 
States (12). In all these methods the butter serum is partly removed by 
the centrifuge; but the details differ in each country. The butteroil thus 
prepared has a pleasant, delicate flavor, but lacks the aroma of that obtained 
by boiling-off process. 

New Zealand has developed a continuous process by Avhich low-moisture, 
unsalted butter and unsalted whey butter are converted into butteroil (28). 
The butter is melted by direct steam ; the oil is floated off ; the oil in the serum 
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is recovered by centrifuging and is combined with the main bulk of the oil. 
The oil is then passed in turn through the separator, heater, separator, dehy- 
drator, and rotary cooler, and finally into specially constructed containers. 

In the Australian method (1) the butter serum is adjusted to pH 10 by 
the addition of caustic soda. This alkalization is claimed to be beneficial 
ill increasing the rate of separation and the speed of dehydration. The 
mixed melted butter is stirred, passed through two w^hey separators, without 
gravity separation or additional heating, and fed directly into a continuous 
vaereator. It is cooled in an internal tubular cooler and packed. The Aus- 
tralian and New Zealand biitteroil thus prepared is called dry butterfat. 

In the German method suggested by Mohr (20) in 1940, the butter is 
melted, clarified, and centrifuged at 70° G. ; then the fat is heated at 105™ 
115° C., cooled, and packed. 

The recent method of Holm (12, 13), which is suggested for use in the 
United States, does not appear to have been applied to large scale inanufac- 
tiiring. The object, apparently, is to produce butteroil in highly purified 
foriii; and the method depends upon removal of oxygen and packaging of 
the product in an inert gas for preservation against oxidative deterioration. 
The butter is melted, the serum is separated hj gravity, and the fat is passed 
through a cream separator to remove the excess water and curd. If the fat 
is not entirely clear, it is washed with warm water and reseparated. It is 
then vacuum dried with agitation to remove the final traces of water and 
gases. The oil is vacuum packed and sealed under an atmosphere of nitro- 
gen (14). 

The conventional procedure for preparing butteroil in the research labo- 
ratory may be . called the filtration method. Butter melted at about 50° C. 
is left to separate into three layers. The serum layer at the bottom is drawn 
off, the yellowish white layer at the top is skimmed away, and the middle 
butteroil lajmr is filtered. The crystal-clear product thus prepared is used 
for studies related to milk fat. 

^ Butteroil of commercial puiuty should contain not more than 0.1 per cent 
of either water or non-fat solids. The water content is of special signifi- 
cance, since it may vary between 0.08 and 0.3 per cent. As shown earlier, 
(31, V) a water content above 0.15 per cent may cause rusting of the metal 
containers unless the butteroil is forced to form fine crystals by rapid cooling* 
or inoculation. If the moisture is 3 per cent or over, the oil may become 
susceptible to spoilage by microorganisms, a condition that rarely exists 
w^ere proper control is maintained. 

The main type of deterioration which develops in butteroil on prolonged 
storage is that of oxidative rancidity, and one may naturally suspect that 
resistance to oxidation may vary with the method of preparation. The war 
emergency has emphasized this problem, since the shipping of butteroil to the 
armed forces and to the allied and dependent nations in place of butter 
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would save 20 per cent tonnage and eliminate or greatly reduce the need of 
refrigeration in transportation and storage. Another problem concerns the 
effect of the manufacturing method on the preservation of the vitamin A and 
carotene content, both in processing and in storage. 

Patil and Hammer (25) compared the stability of filtered butteroil not 
heated above 55° C. vdth that of ghee prepared by boiling-off and brought to 
140° C. They concluded that a high temperature of heating is not neces- 
sary, since the keeping quality of the two during 23 weeks of storage at 
room temperature was about the same. Kitter (29), on the other hand, 
after a similar comparison, concluded that butteroil prepared by the boiling- 
off method is more resistant to the development of oxidized flavor than 
filtered fat. Mohr (19), comparing butteroils filtered at 50° and 90° C. and 
ghee prepared at 110° C. found that after 7 months the ghee was superior, 
but that the difference had disappeared by the end of 11 months. According 
to Bitter and Niissbaumer (30), butteroil is less susceptible to oxidation 
when filtered at 100° rather than 42° C. Later Ewbank and Gould^ (6) 
concluded that heating butter or butteroil to 127° C. for 30 minutes hastens 
the oxidation. The heated butter was filtered at 80° to 90° C., but, as they 
pointed out, when a similar sample is filtered at 45° C. the resulting butteroil 
is more stable than heated buttei'oil. 

The effect of processing on the vitamin A activity of butteroil has been 
studied somewhat. Grewal (9) reported that butteroil prepared by the cen- 
trifugal method is higher than that by the Indian method. According to 
Banerjee and Dastur (2), vitamin A in ghee is fairly stable up to 125° C. 
being rapidly destroyed at higher temperatures ; and the vitamin in the oil 
prepared from cow^s milk is more stable to heat than in that from buffaloes 
milk. They attributed the difference to the relative absence of carotene in 
the buffalo milk fat. Muthanad and Seshan (21) later found that ghee 
heated to 100° G. for 5 minutes lost some vitamin A. 

preparation op butteroil 

Sweet cream was churned in glass, and the resulting butter was washed 
and used for, preparing butteroil by the following methods : 

1. The butter was melted at 70° C. in specially constructed glass equip- 
ment enclosed in a black-painted wooden ease to minimize the effect of light. 
The equipment consists of a glass tube 3^ inches in diameter and about 11 
inches long, connected at the upper flanged end with a flanged, removable 
dome that has ground-glass connections to a vacuum line, a stirring motor,, 
and a thermometer. The lower end of the tube is tapered and connected 
to a two-way vacuum stopcock. The tube is surrounded with a water jacket, 
through which water is circulated from a thermostatically controlled water 
bath. After the butter was melted, the butter serum 'was drawn from the 
bottom through one of the stopcocks, the other being left for drawing the 



810 M. S. EL-KAFEY, G. A. RICHARDSON AND J. L. HENDERSON 

liiitteroii. Tlie milk fat was then dried with eoiitiniioiis stirring at 70° C. 
under 26 ineiies of A'aeiinm. The dry bntteroil, which was partly cloudy, was 
clarified by centrifuging in bottles for 5 minutes at a low speed. The process 
took about 90 minutes and was planned to be comparable in the essential 
steps to some centrifuged methods. 

2. The butter was treated exactly like the previous sample except that 
after it was melted and the butter serum was separated by gravity and 
drawn off, the fat was washed twice with distilled water at 70° C., then dried 
pinder vaeuiim and centrifnged in bottles. This type was prepared to show 
how the purifying of butteroil washing affects its keeping cpiality. 

3. Butteroil was prepared by heating the bntter with continuous stirring 
in a glass beaker over a Bunsen burner to 105°-110° C. until all the water 
had been evaporated and the non-fat solids settled. The temperature was 
then raised to 130° C. As the temperature approached 120° C., the butter- 
oil formed a relatively stable foam, which dissolved back in the fat on cooling. 
The fat was dark and had the characteristic aroma of the butteroil prepared 
by the boiling-off process with an additional heated flavor and odor. The 
fat was then clarified by centrifuging in the same way as the samples 1 and 2 
(above), and the dark brown sediment removed. The process took about 75 
minutes. 

4. The butteroil was prepared by the boiling-off method, but its tempera- 
ture was not permitted to rise above 110° C. It was then centrifuged in 
bottles. The resulting fat was clear, appeared slightly darker than the 
washed fat (sample 2), and had a special pleasant aroma, with no heated 
odor. The process took about 60 minutes. 

5. The butter was melted in an oven at 70° C., the top layer was skimmed 
away and the serum drawn off, and the fat was filtered in the usual manner. 
The resulting fat was crystal clear. The process took about 150 minutes — 
the time obviously depending upon the volume of fat and the number of 
filters used. 

6. Butteroil prepared by the filtration method (sample 5) was heated to 
130° C. for 30 minutes. Significantly, this fat did not foam even up to a 
temperature of 145° C. 

In each set of experiments, butter from the same lot was used for pre- 
paring samples described above. Then the butteroil, divided into small 
portions, was stored at 2° C. 

THE EFFECT OF THE METHOD OP PREPARATION ON THE RESISTANCE 
OP BUTTEROHi TO OXIDATION 

The method used to determine the peroxide values of the butteroil is 
Wheeler ^s as modified by Henderson and Young (11). Prom each sample 
4-ml. portions were heated in a thermostatically controlled oil bath at 
79.5° C. shielded from direct sunlight. The values reported are millimoles 
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of peroxide iier 1000 grams of fat. The results of different sets of experi- 
ments were quite uniform and are represented in figure 1. 

As this figure shows, the method of preparation markedly affects the 
stability of the resulting butteroil. In this experiment the butter was pre- 
pared from raw cream of high quality. Evidently the boiling-off method 
gives the most stable fat ; and the stability is slightly greater in sample 3, 
heated to ISO'^ C. than in sample 4, heated to 110° C. Clearly, too, the 
filtered fat is less stable than samples 1 and 2, which were dried under 
vacuum and then, clarified by centrifuging. Unlike the case of sample 3. 
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heating the filtered fat to 130° C. (samihe 6) impaired its stability. Some- 
times, in comparing samples similar to 1 and 2, where the only difference 
in treatment is the washing given No. 2, the difference in stability was even 
greater than is shown in figure 1. As before, washing the butteroil decreased 
its resistance to oxidation. In one set of experiments, for example, the 
washed fat equivalent to sample 2 had passed the end of its induction period 
after 120 hours (which is taken arbitrarily as a peroxide value of 5), while 
the untreated sample 1 had reached a value of only 2.1. 

THE ACID VALUES OP BUTTEROIL 

High acidity of butteroil was reported to have an undesirable effect on 
the stability of fat against oxidation and the destruction of vitamin A by 
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heat (3). Tiie acid values of biitteroils were determined by the Official 
Method and reported as per cent oleic in table 1. These values are approxi- 
mately the same except for sample 3, where biitteroil was prepared by tlie 
boiling-off method at 130° G. The difference, however, is not significant, 
since it was not evident Avhen the exi^eriments were repeated. In another 
trial when the biitteroil was prepared from pasteurized cream butter, the 
acid value was found to be low, ranging’ between 0.12 and 0.16 per cent. 
Apparently, therefore, the method of preparation has no significant effect 
on the hydrolysis of the fat. 

TABLE 1 


The effect of the method of preparation of hutteroil on its acid mines, phosphorus content 
ajid ■vitamim A activity (hiitteroil from raiv-cream-hutter) 


Metliocl of preparation 

Acid 
value as 
oleic 

I ! 

Phospliorus 
as Iccitliin 

Carotene 

Vitamin A 

Total 
reducing 
substances 
as toco- 
pherol 

1. Butter melted, decanted, 
vacuum dried at 70^ C., 
centrifuged 

0.365 

% 

0.151 

y/gm. 

3.39 

y/gm. 

4.89 

y/gm, 

146 

2, Butter melted, decanted, 
washed twice, vacuum 
dried at 70° C., centri- 
fuged 

0.326 

0.0114 

3.52 

4.81 

137 

3. Water boiled off at 105- 
110° C., temperature in- 
creased to 130° C., cen- 
trifuged 

0.444 

0.0805 

3.23 

4,32 

364 

4. Water boiled off, tempera- 
ture not over 110° G., 
centrifuged 

0.385 

0.0503 

3.27 

4.27 

214 

5. Control, butter melted, top 
layer removed, decanted 
and filtered at 70° G. 

0.365 

0.0073 

3.58 

4.G1 

330 

6, Number five fat beated to 
130° C. for 30 minutes 

0.370 


3.43 

4.57 

112 


THE EFFECT OP THE METHOD OF PREPARATION ON THE VITAMIN A 
AND CAROTENE CONTENT OP THE BUTTEROIL^ 

Tlie Carr-Priee antimony trichloride reaction was used for vitamin A 
determination, the readings being taken at the wave length of 620 m|j, using 
a Coleman Universal Spectrophotometer, Model 11. The carotene content 
was determined eolorimetrically by extracting the color from the ether- 
soluble, nnsaponifiable fraction of the bntteroil, using Skellysolve B, extract- 
ing the xanthophyll with methanol, and reading at the wave length of 440 
mp. The values are expressed as micrograms of vitamin A and Beta earo- 
tene per gram of butteroil. 

2 The authors are indebted to Miss M. L. Long for these determinations. 
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Judging from table 1, the method of preparation has little or no effect 
upon the presentation of the vitamin A activity during processing. The 
differences are not considered significant inasmuch as they are not consistent 
from one set of samples to another. 

TOTAL REDUCING SUBSTANCES MEASURED AS TOCOPHEROL 

The toeopherols, being knovm to act as antioxidants for fats (22), might 
account for the differences in the stability of the biitteroil. Vitamin A and 
carotene are Imown to interfere with the determination ; but, since all samples 
contained essentially the same concentration of vitamin A and carotene, 
analyses were made directly on the fat. Into a 10-ml. volumetric flask were 
weighed 4 grams of the biitteroil ; and the volume was made up with hexane. 
To 5 mi. of the fat solution was added 20 ml. of Einmerie and Engel reagent 
(5). The colorimetric readings were made with a Coleman spectropho- 
tometer Model 11 at 525 mp, after 45 minutes, using a solution that con- 
tains the reagents and 1.4 grams pure triolein as a reference. The readings 
were converted to tocopherol values from a calibration curve (made with 
a-tocopherol) and are reported in table 1 as the total reducing substances. 

These results show, for the reducing substances of butteroils, a wide 
variation that cannot reasonably be attributed to variation in the tocopherol 
content. Significantly, however, these total reducing substances can be 
directly correlated with the stability of the fat against oxidation. They 
are highest in the butteroils prepared by the boiling-off method, lowest in 
the filtered fat that is heated to 130° C. 

As further work |ias shown, the compounds that have the sulfhydryl 
group, such as glutathione, give a red color with the Emmerie-Engel reagent. 
Further experiments were planned, therefore, to determine how glutathione 
affects the oxidation of butteroil. 

In this experiment filtered fat was used and divided into two portions. 
To the first lot 50 mg. of pure glutathione dissolved into 10 ml. of water was 
added to 100 ml. of fat ; the water was then boiled off by heating in an oven 
at 100° C. and 20 inches vacuum. The other lot was used as a control ; 10 
ml. of distilled water per 100 ml. of fat was added to it, and the water boiled 
off in the same manner. The fat containing the glutathione reached the end 
of its induction period in 96 hours, as compared with 24 hours for the control. 

"We may reasonably assume, therefore, that sulfhydryl groups produced 
by the effect of heat on the protein part of the fat globule membrane (8), 
and probably other reducing substances are transferred to the butteroil 
in the process of its preparation by the boiling-off method and there act as 
antioxidants. This assumption may explain part of the high reducing sub- 
stances in samples 3 and 4 and may be related to their high stability. No 
specific method for determining the sulfhydryl groups in butteroil was avail- 
able ; but these groups do evidence themselves by the heated odor and flavor 
in sample 3. 
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THE EFFECT OP a-TOCOPHEKOL ON THE STABILITY OP BUTTEEOIL 

Tile previous experiment did not exciude the possibility that variation in 
the tocopherol content of the bntteroii is a factor in the resistance to oxida- 
tion. Pure a-tocopherol was added, therefore, to the filtered fat; the effect 
on stability was observed. Figure 2 shows the amounts added and the 
results obtained. 

Judging from the peroxide-accumnlatioii curves, the activity of a-toeo- 
plierol as an antioxidant is not proportionate to its concentration. If a per- 
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oxide value of 5 is assumed to be the end of the induction period, then both 
samples that contain 9 ingf. and 15 mg. per cent a-toeopherol would have 
about the same induction period. The aeenmulation of the peroxides 
during the induction period is less for the sample to which 3 mg. per cent 
a-toeopherol is added. These findings agree with the report of Swift, Eose. 
and Jamieson (32) on the effect of adding a-toeopherol to the methyl esters 
of cottonseed oil. The addition of as much as 15 mg. per cent a-toeopherol 
does not make the filtered fat nearly so stable as that prepared by the boiling- 
off method. Probably, then, the additional stability of samples 3 and 4 does 
not result from a more favorable transfer of tocopherol to the fat bv the 
raethod of preparation. 
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THE EFFECT OP THE METHOD OF PREPARATION ON THE PHOSPHORUS 
CONTENT OP THE BUTTEROIL 

The phospholipids occur naturally in milk and are highly concentrated 
around its fat globules as phospholipid-protein complexes. These com- 
poiinds are known to act as antioxidants in fats, and seyeral individual frac- 
tions have been patented. The literature on this subject has been reviewed 
recently by Mitchell and Black (18). It is also common knowledge that the 
phospholipids are surface active and tend to orient themselves at the inter- 
faces. If, therefore, the water phase is completely removed by boiling, 
Avhere do the phospholipids go f To test this point the butteroils were ashed 
according to Halliday (10) , and the phosphorus was determined by the colori- 
metric method of Piske and Subbarow (7). The results were converted to 
per cent lecithin by assuming that the phosphorus in the sample was com- 
bined in a stearyloleyl lecithin containing 3.85 per cent phosphorus. 

As table 1 indicates, in preparing the butteroil by the boiling-off method 
(sample 3) the phosphorus content of the fat calculated as per cent lecithin 
increases from 0.0073 in the filtered fat to 0.0805 in the heated fat. The 
phosphorus content of the butteroils is directly correlated with its stability 
against oxidation. Apparently, therefore, the most satisfactory method of 
prei3aration is the one that ensures the transfer of a high phospholipid value 
to the fat. Part of this phosphoiuis might originate in a protein fraction 
held as a suspeiisoid in the fat. Additional experiments were planned to 
ascertain how the addition of phospholipid to the filtered butteroil will affect 
the stability against oxidation. 

THE EFFECT OP ADDING PHOSPHOLIPID ON THE STABILITY OP BUTTEROIL 

Commercial soybean phospholipid was used as a source, from which the 
partly purified phospholipid was obtained by repeated extraction with ether 
and precipitation from acetone. The cream- white phospholipid thus se- 
cured was added to the filtered fat in concentrations that approximate those 
found in the different butteroils prepared. Figure 3 reports the results. 

The peroxide-accumulation curve shows the striking effect of increasing 
concentrations of phospholipid on the stability of the butteroil. The sample 
that had 0.1 per cent phospholipid approached but did not quite equal the 
stability of the butteroils prepared by the boiling-off methods. Conceivably, 
the phospholipid in this concentration might increase the stability of the fat 
if it acted synergistically with a-tocopherol. 

THE SYNERGISM BETWEEN PHOSPHOLIPID AND a-TOCOPHEROL IN BUTTEROIL 

One of the phospholipids, cephalin, has been shown by Oleott and Mattill 
(23) to co-act with the toeopherols in a most remarkable manner, in stabiliz- 
ing the purified fatty acids esters and lard against oxidation. To test this 



816 M. S. Eli-RAFEY, G. A. EICHAEDSON AND J. L. HENDERSON 

co-aetion or synergism in butteroil, a-toeopherol and purified soybean phos- 
pholipid were added to filtered fat in three different combinations. For the 
sake of comparison the same fat was used in samples reported in figures 2, 
3, and 4. 

The peroxide curves in figure 4 show some interesting facts. There 
is some synergetic action on adding small amounts of phospholipid and 
a-tocopherol. (Compare No. 2. fat— figures 2, 3, and 4.) On the other 
hand, when the amount of phospholipid added is 0.10 per cent with various 
amounts of tocopherol, the protective action seems to be due to the presence 



fig. 3 The effect of octcting port f ted phospfyot/pid 

to hotterotl on th rests tooce to oxidattort of f$.5‘C 

of phospholipid, and the addition of 15 nig. per cent a-toeopheroI seems to 
be less beneficial than adding 3 mg. per cent. (Compare fats 3 and 4 in 
figure 4 ■with No. 4 in figure 3.) 

These results show, however, that the synergetic action of the phospho- 
lipid and a-tocopherol does not account completely for the stability of the 
butteroil prepared by boiling. 

niscussiON 

Most important of the deteriorative changes that may occur in fats and 
oils on storage is oxidative rancidity; and butteroil is no exception. A 
recent review on the subject (18) summarizes the logical means of prevent- 
ing these reactions as being either protection from oxygeii, as exemplified 
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by vaeiiiim packing, or tlie use of antioxidants. Evidence is bere presented 
to show that the metbod of preparing butteroil from butter bas a marked 
iiiflnenee on its resistance to oxidation. Assuming that the end of tbe in- 
duction period is reached wben tbe peroxide value is 5, tbe data indicate 
that butteroil is least stable v^ben prepared by filtration. Wasbing of tbe 
fat is also detrimental to its stability. On tbe other band, butteroil pre- 
pared by boiling off is shown to be considerably more stable ; but it acquires 
a distinct heated odor and flavor if tbe temperature of tbe fat rises above 



4 ffie effect of acfd/og' a-hcopherof and pi/r/fied 
soi/5s£?n p.hosp/ioUp/d /a Pufferaif on ds resiofiOPce 
/o ox/diof-j/7 7° 5 


110° C. Tbe additional stability gained by beating to 130° C. in tbe boil- 
ing-off metbod is not believed to be great enough to offset tbe disadvantage 
of a cooked flavor. 

Tbe stability of butteroil is found to be associated with an increase in tbe 
phosphorus content and tbe total reducing substances in tbe fat. Tbe vita- 
min A, tbe carotene, and the acid values of tbe fat do not change appreciably 
with tbe manipulations used. Tbe stability of butteroil made by tbe boiling- 
off metbod cannot well be attributed to a destruction of certain oxidative 
enzymes (20), because beating filtered fat to 130° 0. reduces its stability. 
Likewise, tbe shortening of tbe induction period of tbe latter fat may not 
be due to tbe destruction of natural antioxidants, as others have suggested 




818 M. S. EL-EAFEY, G. A. RICHARDSON AND J, L. HENDERSON 

(6, 30, I), blit more likely is caused by piisliing tlie fat fiirtlier towards the 
end of its induction period during the heating. According to Ritter and 
Xussbaumer (31, VI), diaeetyl acts as a prooxidant in biitteroil; conceiv- 
ably, therefore, when these are removed by steam distillation in the boiling- 
off process the stability" of the fat increases. The results of experiments not 
reported herein show, however, that when 10 to 20 per cent water is added 
to the filtered biitteroil and then removed by boiling, the stability of the fat 
is reduced. 

The data reported support the assumption that when butteroil is pre- 
pared from blitter by boiling off the water in the presence of the non-oil 
phase, the protein of the phospholipid-protein complexes in ‘ the non-oil 
residue is so denatured that the phospholipids are free to dissolve in the oil. 
An increase in the stability and foaming capacity of the oil results. This 
assumption, j)reviously made (27, 29), is substantiated by the fact that good 
stability is associated with a high phosphorus content. It is also strength- 
ened by the data (fig. 4) showing that the addition of purified soj^bean phos- 
pholipid increases the stability of filtered biitteroil. The significance of the 
freeing of an organic compound from its protein posthetic group by means 
of heat is being increasingly recognized in relation to vitamin preseiwmtion 
during dehydration or storage of foods (4, 26). 

Judging from comparison of sample 4 in figure 2 with sample 3 in figure 
4, however, the phospholipid content is not the only factor that accounts 
for the differences in their stability, since both fats contain about 0.05 per 
cent phospholipid. The higher content of the total reducing substances in 
the former sample probably also contributes to its stability. These com- 
pounds reduce ferric chloride to ferrous, as is shown by their reaction with 
the Emmerie-Engel reagent. They cannot, however, all be considered as 
tocopherol, since the suJfhydryl group present in glutathione interferes with 
the test; this group also prolongs the induction period -of the butteroil. 
These groups are known to be released from the proteins surrounding the 
fat globules in milk by the effect of heat; they act as antioxidants (8, 15). 
The liberation of the heat-volatile sulfides of milk is of great current interest 
(33). Though there seems to be no chemical test to determine these groups 
in fats, they evidence themselves by the cooked flavor they impart to fats 
heated to 130° C. in the presence of butter serum. Other reducing groups 
produced by the heating of the proteins belong to tyrosine and tryptophane 
(17). Marvel (16) patented the use of tyrosine and its esters as antioxi- 
dants in edible fats and oils. Attempts to determine these specific groups 
in butteroil prepared by the boiling-off method are in progress. 

The addition of a-toeopherol to the filtered fat does not prolong the in- 
duction period of the latter to the same extent as in the boiled-down fat. In 
the presence of 0.1 per cent phospholipid, the addition of 3 mg. per cent of 
a-tocopherol seems to be more beneficial than larger amounts, and some 
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synergism is observed. Unless tlie toeopherols in milk are shown to be 
largely associated witli tlie proteins in a complex form, one cannot well con- 
ceive that a wide variation oeenrs in the tocopherol content of biitteroils 
prepared by different methods. The values reported in table 1 are calcu- 
lated as toeopherols for convenience only. The}’’ indicate, however, the con- 
centration of all the substances present in the butteroil that reduce ferric 
chloride in 45 minutes. All these seem to act synergistically with the phos- 
pholipids ill protecting the boiled-doivn butteroil against oxidative rancidity. 

No method of nianuf aeture tested appreciabU affects the vitamin A and 
the carotene content of the fat. The higher concentration of compounds of 
known biological value — ^namely, the phospholipids — in the oils prepared by 
certain methods may add to nutritional value, as well as to stability. In- 
creased stability indicates increased protection against the clestrnetion of 
Autamin A activity. 

SUMMARY 

ButteroiF'^ made by the process in which butter is heated to 110° C. to 
drive off the moisture, the residue being removed b.y centrifuging, has been 
found to be more resistant to oxidative rancidity than w'heii loAV’er tempera- 
tures of isolation of the oil are used. The improA^ed keeping quality has 
been shoAAUi to result from the transfer of greater amounts of phospholipid 
material from the non-oil phase of butter to the oil, presumably because of 
the denaturing action of heat on the protein of the phospholipid-protein com- 
plex, The concentration of reducing substances is also higher in the butter- 
oil made by the boiling-off’^ process than by the low heat treatment. 
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THE NUTRITIVE VALUE OP ALFALFA HAY. II. STARCH AND 
GLUCOSE AS SUPPLEMENTS TO AN ALL ALFALFA 
HAY RATION* 

0. F. HUFFMAN and C. W. DUNCAN 

Dairy Snsbandry Section and the Chemical Section of the Michigan Agricultural 
Experiment Station, East Lansing 

It has been recognized for a long time that when a bay crop is fed alone 
it does not produce growth, meat or milk as efficiently, per pound of ingested 
total digestible nutrients, as when the ration is supplemented with concen- 
trates. Several investigators have reported that a ration composed entirely 
of alfalfa hay appeared to be deficient in some factor or factors necessary for 
milk production (37, 33, 15, 14, 22, 17). Graves et al. (13), however, found 
that the average yearly production of a group of cows was 37 6 pounds of but- 
terfat on a ration of alfalfa hay alone, which indicated efficient utilization of 
the total digestible nutrients. These investigators reported also that another 
group of cows produced 395 and 357 pounds of butterfat per year on alfalfa 
alone dxiring their first and second lactation j^eriods. Dawson and co- 
workers (5) found that a group of cows produced 892 pounds of butterfat 
on alfalfa cut at the initial-bloom stage, 326 pounds on alfalfa cut at the half- 
bloom stage, and 311 pounds when the alfalfa was cut at full-bloom. Ac- 
cording to the results obtained by Willard (36) on an all hay ration, cows 
increased their milk production when they were changed from poor quality 
alfalfa to a better quality alfalfa hay. It, appears from a review of the lit- 
erature that occasionally certain alfalfa hays are more efficient than others 
for milk production when fed alone. 

The factor or factors in grain which increase the nutritive value of alfalfa 
hay may be available energy. Grampton (4) fed one group of rabbits mixed 
pasture grasses alone, a second group received mixed pasture grasses plus 5 
per cent casein and a third group received mixed pasture grasses plus 5 per 
cent sucrose. The group on grass alone lost 134 grams in weight whereas 
the groups that received the casein and sucrose supplements each gained 30 
grams in weight. It was concluded that the failure of mixed grasses to pro- 
duce gains in weight was due to a lack of available energy. Kellner and 
Kohler (24) studied the effect of adding pure nutrients to a super mainte- 
nance ration of steers. They concluded that the feeding of one kilogram of 
digestible protein, starch, cane sugar, ciuide fiber or fat per day resulted in 
the production of 235 gm., 248 gm., 188 gm., 253 gm. and 474-598 gm. of fat, 
respectively. Similar experiments with concentrates and roughages showed 

Eeceived for publication Marcli 21, 1944. 

* Published witli the approval of the Director of the Agricultural Experiment Station 
as Journal Article No. 698 (n.s.). 


821 



822 


C. F. HUFFMAN AND C. W. DUNCAN 


tliat tlie digestible nutrients in roughages produced less than the calculated 
aiiioiiiit of fat, 

Turk and associates (35) observed that the biological value of the protein 
in alfalfa hay was 50 when the hay was fed to lambs whereas the biological 
value increased to 72 when the hay was supplemented with starch and sugar. 
Some investigators have reported that the addition of starch or glucose to 
the ration of ruminants depressed the utilization of some of the nutrients. 
Eobinson (34) found that the addition of 300 grams of starch had no effect 
on the digestibility of the crude fiber in grass hay or cereal straw hut that 
the addition of 2,270 grams produced a marked depression. The addition of 
300 grams of casein to the ration counteracted the effect of the high starch 
intake. Hart and Humphrey (16) reported that cows receiving a ration of 
alfalfa hay and corn starch decline in millv production hut that production 
increased when the ration was changed to corn, corn gluten feed and corn 
stover. Forbes and associates (9) found that the metabolizable energy of 
a ration containing alfalfa hay and corn was better utilized by a steer than 
that of a ration of alfalfa hay alone. 

Armsby and Fries (1) stated that corn starch has a gross energy value of 
4,105 Calories per kilogram of dry matter and Kellner and Kohler (24) re- 
ported the value as 4,176 Calories. These investigators also concluded that 
the addition of starch to the ration of steers decreased the digestibility. The 
results obtained by Mitchell and associates (29) with calves indicate that the 
addition of glucose to the ration did not increase methane production al- 
though there was a distinct depression in the digestibility of the crude fiber. 
They reported that the gross energy value of glucose was 3,680 Calories per 
kilogram of dry matter. 

In a preliminary report (17) it was pointed out. that when corn, oats, 
corn gluten meal or barley replaced an isoealoric amount of alfalfa hay in 
an ail alfalfa hay ration of dairy cows, milk production increased markedly. 
These data were interpreted as indicating a deficiency in alfalfa hay which 
was corrected by feeding cereal grains or some of their by-products. A long- 
time study of supplementing an all alfalfa hay ration of cows with corn, 
oats or barley by the reversal lactation method is under investigation. The 
object of this paper is to present the results obtained by supplementing the 
all alfalfa hay ration with, corn starch or corn sugar and then replacing these 
supplements with corn. 

EXPERIMENTAL 

The cows used in this investigation were placed on an all alfalfa hay ration 
at the time of calving and remained on this ration until the reserve factor or 
factors necessary to complete the alfalfa hay for milk production were ex- 
hausted, This was indicated by a sharp drop in milk production which 
iisiially occurred within 6 to 10 weeks following calving. When corn starch 
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or corn sugar was added to tlie ration, the amount of alfalfa was not reduced 
unless the appetite became affected. The supplement was placed on the hay 
and the cows consumed it with relish. It was thought that if the basal ration 
were deficient in a dietary factor other than available energy then milk pro- 

TABLE 1 

Gross energy values of corn starch and glucose as reported in the literature 


Autbority 

Heat of combustion 

T.D.N. 

Cal.Ag. 

• Cah/lb."- 

1 Cal./lOO lb. 

perlOOlh.t 

Corn starch 

Atwater (2) 

4,094 

1,820 

1 182,000 

100.3 

Stohmann (2, 12) 

4,123 

1,870 

‘ 187,018 ' 

103-1 

Stohmaiiii & Langbein (2, 12) ... 

4,183 

1,897 

189,740 

104.6 

Berthelot & Tieille (2, 12) 

4,228 

1,918 ! 

191,781 

105.7 

Gibson (2) ^ 

4,164 

1,889 ' 

188,878 

104.1 

Stohmann (12) 

4,116 

1,867 

; 186,701 

102.9 

Recdienberg (12) 

4,479 

2,032 

203,166 

112.0 

Pingerling et at. (8) 

4,061 

1,842 

184,206 

101.5 

Loewy (26) 

4,182 

1,897 

189,694 

104.6 

Stohmann & Langbein (25, 1) 

4,179 

1,896 

189,558 

104.5 

Arinsby & Fries (1) 

4,105 

1,862 

186,202 

102.6 

Kellner & Kohler (24) 

4,176 

1,894 

189,422 

104.4 

DuBois (6) 

4,200 

1,905 

190,511 

105.0 

Nakamura (31) 

3,963 

1,798 

179,761 

99.1 

Mavnard (27) 

4,230 

1,919 

191,872 

105.8 

Fraps et ah (11) 

4,089 

1,855 

185,476 

102.2 


Mean 4,161 

12% moist-are 

T.B.N. on basis of 93% digestibility (apparent) 


103.9 

91.4 

85,0 


Glucose 


Berthelot & Vieille (2, 12) 

3,762 1 

1,706 

170,643 

94.1 

Stohmann & Langbein (2, 12) 

3,742 i 

> 1,697 

169,736 

93.6 

Stohinami (2, 12) 

3,692 1 

1 1,675 

167,468 

92.3 

Gibson (2) 

3,754 

1,703 

170,280 

93.9 

Beehenborg (12) 

3,939 

1,787 

178,672 

98.5 

Emerv & Benedict (7) 

3,739 

1,696 

169,600 i 

93.5 

DuBois (6) 

3,740 

1,696 

169,645 

93.5 

Kharasch (25) 

3,737 

1,695 

169,509 

“ 93.4 

Maynard (27) 

3,760 

1,706 1 

170,552 

94.0 

Karrer & Fioroni (23) 

3,743 

1,698 

169,781 

93.6 

Hiiifman & Fox (19) 

3,720 

1,687 

168,738 

93.0 

Mitchell et ah (29) 

3,680 

1,669 

166,924 

92.0 


Mean 3,751 93.8 

7% moisture 87.2 

T.D.N, on basis of 93% digestibility (apparent) 81.1 


2.2046 pounds per kilogram used for conversion. 

1 1,814 Calories per pound of T.D.N. (3). 

duetion would not be materially altered. The supplementary f eeding period 
usually lasted 15 days and this test period was checked against the preceding 
15«day lactation period. Fifteen-day periods were used, rather than longer 
periods, in order to minimize the natural decline in milk production. 
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111 ealciilating tlie total digestible nutrient intake, the actual coefficient 
of digestibility obtained by a digestion trial was used for each hay fed. The 
requirement figures were calculated according to the standard recommended 
by Morrison (30). The digestible protein values were also calculated. They 
are not included with these data but a liberal supply was fed at all times. 

Cominereial grades of corn starch and eoim sugar (glucose) were used. 
The total digestible nutrient values for these supplements were calculated 
on the basis of the coefficients of digestion of the dry matter of corn starch 
reported by Armsby and Fries (1). The same digestibility for the dry 
matter of corn sugar was assumed. The heat of combustion values reported 
in the literature for starch and glucose w^ere used as a basis for our calcula- 
tions, The total digestible nutrient value for starch was calculated on the 
basis of 12 per cent moisture and on the basis of 7 per cent moisture for 
glucose. Table 1 presents the gross energy values of these supplements 
calculated from heat of combustion data recoxvied in the literature. 

The care of the cows and the method used to collect representative milk 
samples have been repoiTed (18). 


RESULTS 

The data obtained from 25 experimental feeding periods on the 14 cows 
used in this study are presented in tables 2-4. The effects obtained on milk 
production by supplementing the all alfalfa hay ration with 6 pounds of 
starch or with 6 pounds of glucose per day are illustrated in table 2. The 
addition of starch to the ration resulted in a decline in 4 per cent fat-cor- 
rected milk in 2 of the 4 trials. Fat pimduction and the test followed the 
fat-corrected milk. Hay consumption was reduced slightly after the starch 
was added to the ration (average — 1.7 pounds per day). The feeding of 6 
pounds of glucose in place of starch gave similar results. Fat-corrected milk 
declined in 3 of the 6 trials. Glucose decreased the consumption of hay more 
than the starch (average — 5.1 pounds). These results are inconclusive inso- 
far as showing a definite trend in the amount of fat-correeted milk and fat 
produced but they do illustrate the fact that no marked increase in milk pro- 
duction was obtained by supplementing the alfalfa hay ration with either 
starch or glucose. 

The results obtained by supplementing the alfalfa hay ration with vari- 
ous amounts of starch or glucose followed by increased amounts of starch or 
glucose or both are given in table 3. The addition of these supplements to 
the ration resulted in a decrease in 4 per cent fat-corrected milk in all of the 
trials. When these supplements were increased further, milk production 
decreased below the previous period in 5 trials and remained unchanged in 
the sixth. The average yield of fat-eorreeted milk was 4,2 pounds per day 
less than that obtained on alfalfa alone. The pounds of fat produced and 
the test followed the fat-eorreeted milk. These results show a definite down- 



TABLE 2 

Effects oMained in millc production hy an all alfalfa hay ration with 6 pounds of corn starch or loith 6 poimds of corn sugar per day* 




I 



JEffeots obtained m ftiilk produotiori l)y suppleinviiting an all alfalfa hay Totion with vavions amounds of corn sturch or of corn suycir followed hy vafioub' 

amounts of sugar or starch or both^ 
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ward trend in milk production, fat and test after tlie alfalfa ration w^as 
supplemented wdtli starcli or glucose or a combination of both. Increasing 
the amounts of these supplements in the ration did not influence the natural 
decline in milk production with advancing laetatipii. Insofar as stareii and 
glucose are concerned they were unable to change the course of lactation 
in these cow^s. Hay consumiDtioii was decreased slightly after the starch or 
glucose was added to the ration (average — 0.3 pounds per day). When the 
amount of starch or glucose was increased or combined, there was a further 
reduction in hay consumption (average — 0.3 pounds per day) over the pre- 
ceding trial. 

The results obtained from supplementing the alfalfa hay ration with 6 
pounds of starch or glucose and then substituting 6 pounds of corn or wheat 
for the starch or glucose are presented in table 4. The addition of starch 
resulted in a decline in 4 per cent fat-corrected milk in 3 out of 5 trials. 
The fat production and percentage test followed the fat-corrected milk. 
When the starch was replaced with 6 pounds of corn or wheat, the fat-cor- 
rected milk increased against the tide of declining lactation in all trials. 
The average increase was 2.4 pounds per day over the starch feeding period 
and 2.3 pounds per day over the all alfalfa hay ration. The average of a 
15-day period when either corn or wheat was fed does not do justice to the 
fat-corrected milk values reported in table 4 because about 6 days were 
usually required for the cows to reach the peak of production after the cereal 
grains were fed. The fat production and the test again followed the fat- 
corrected milk. The average hay consnmption declined 1.4 pounds per day 
after the starch w-as added to the ration and decreased 1.2 pounds per day 
further after the coim or wheat replaced the starch supplement. 

The addition of glucose to the alfalfa ration resulted in a decline in 4 
per cent fat-corrected milk in 2 out of 4 trials. When glucose was replaced 
with 6 pounds of corn, milk production, fat and test increased in all trials. 
The average increase in fat-eorreeted milk was 2.4 pounds per day over the 
glucose feeding period and 3.4 pounds per day over the all alfalfa hay ration. 
The average daily hay consumption for this group of eow^s decreased 4.8 
pounds after the glucose supplement was added to the ration and decreased 
0.7 pounds per clay further wdien corn replaced the glucose supplement. 

The results obtained with Cow 266 (table 4) are of interest. Wlien 6 
pounds of glucose were added to the hay ration on the 56th day of lactation, 
the average daily increase in fat-corrected milk was 3.2 pounds for the 18- 
day period. Later in the same lactation period (149th day), the addition of 
6 pounds of glucose resulted in a decrease in fat-corrected milk. In all prob- 
ability the increased production of milk during the first trial was due to the 
carry-over effect from the dry period. In other words, the cow had not been 
depleted of the milk-stimulating factor or factors. 

It is evident from all of these trials that supplements of starch and glu- 
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cose are ineffective in producing marked increases in milk production in 
cows on an all alfalfa hay ration. The replacement of these supplements 
vuth either corn or wheat, however, results in an appreciable increase in 4 
per cent fat-corrected milk. The fact that both corn and wheat stiiiiiilated 
milk production against the tide of declining lactation suggests that these 
cereals furnish a factor or factors other than digestible calories. Milk pro- 
duction decreased in 9 trials and increased in 4 trials when starch supple- 
mented the hay ration. The average decline in fat-corrected milk was 0.81 
pounds per da^L Milk produetioii decreased in 7 trials and increased in 5 
trials ’when glucose supplemented the hay ration. The average increase in 
fat-corrected milk was 0.02 pounds per dajA The fat production and the 
test followed the fat-corrected milk very closely in nearly all cases. The 
average body weight changes varied less than ±: 1 per cent for all of the 
trials. The alfalfa-starch ration caused a slight decrease in bod 3 ^ weight, 
whereas, the alfalfa-glucose ration caused a slight increase. The changes in 
body weight, ho’wever, w^ere insignificant. The addition of 3 to 9 pounds of 
starch or glucose to the alfalfa hay ration did not produce a significant 
change in alfalfa consumption although the dry matter intake was increased. 
Hay consumption decreased in 9 trials, increased in 3 trials and w'as un- 
changed in 1 trial. The average decrease in hay consumption on the alfalfa- 
starch ration was 0.8 pounds per day. Hay consumption decreased in 11 
trials and increased in 1 trial on the alfalfa-glucose ration. The average 
decrease was 4.2 pounds per day. Dry matter intake increased when the 
starch and glucose supplements were fed to the cows but the starch-fed cows 
showed a greater increase than the glucose-fed cows. 

DISCUSSION 

It has been reported previously (17, 18) that the replacement of an equal 
amount of total digestible nutrients in alfalfa hay with corn in the ration 
of laetating cows, which had been depleted on alfalfa hay alone, resulted in 
a marked increase in milk production against the tide of decline in lactation. 
Supplementing the all alfalfa hay ration with cystine had little influence on 
lactation (18). This study shows the effects of supplementing the all alfalfa 
hay ration with calories fed in the form of corn starch or coim sugar. Kell- 
ner and Kohler’s (24) early wnrk indicated that the addition of starch to a 
maintenance ration of steers resulted in good utilization of starch for gain 
in fat. Our results show that starch and glucose failed to influence milk 
production significantly in cows that had been depleted of their milk-stimu- 
lating factors. When the cows had not been entirely depleted on alfalfa 
alone or when ketosis was involved, the feeding of starch and glucose stimu- 
' lated milk production. 

Ill table 4, cows A15, A22 and A31 produced 3.4, 2.4 and 3.8 pounds 
of 4 per cent fat-eorreeted milk per day more when 6 pounds of corn re- 
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placed 6 pounds of starch. Significant increases in milk production were 
obtained also when 6 pounds of wheat replaced the starch. The total diges- 
tible nutrients received during the corn- and wheat-feeding periods were the 
same for 3 cows but were slightly less for the other 2 cows. Cows A15y A18 
and 266 produced 4.5, 1,8, 1.7 and 1.6 pounds of 4 per cent fat-corrected milk 
more per day when 6 pounds of corn replaced 6 ponnds of glucose. The 
total digestible nutrients received during the corn-feeding periods were 
about the same as during the glucose-feeding periods. These data indicate 
that corn furnishes some factor or factors, other than calories, needed to 
balance an all alfalfa hay ration. 

The productive energy value of feeding stuffs depends on the balance of 
the ration. Many anthorities have used either the total digestible nutrients 
system or some method of calculating the so-called ‘^productive energy,” 
“net energy” or “starch value” of feeds. The starch value system sug- 
gested by Kellner (24) was based on his work with a respiration calorimeter. 
These values indicate that a pound of total digestible nutrients in concen- 
trates was better utilized than an equal amount in roughage. Forbes ei al. 

(9) observed that the metabolizable energy of a ration of alfalfa hay and 
corn was much better utilized than alfalfa hay alone. Fraps and Carlyle 

(10) , using a corn and casein replacement method, concluded that the ability 
of the chicken to utilize the digested material is quite uniform. When the 
balance of the ration is taken into consideration there appeared to be little 
difference in the productive power of the digestible nutrients for fattening. 

The data presented in this paper indicate that the reason for the low 
productive power of the all alfalfa hay ration was not due to a lack of diges- 
tible calories but that the inferior value of the total digestible nutrients in 
the alfalfa was due to a lack of the necessary dietary factors. Corn and 
wheat apparently furnish dietary factors other than calories which are not 
supplied in sufficient quantities in alfalfa hay for lactation. The data in 
the literature suggest that early cut hay is higher in the unknown factors 
supplied by grain than later cut hay. 

The increase in milk production obtained by replacing starch or glucose 
with corn or wheat may be due to presence of a more favorable food for the 
mieroorganisms in the rumen. Mills and associates (28) found no evidence 
of increased microbiological activity in the rumen contents when starch was 
added to a ration of timothy hay. When urea and starch supplemented the 
hay, a suitable substrate was provided for the development of an active flora. 
There is a possibility that the flora and fauna in the rumen of the cows fed 
alfalfa alone were unable to synthesize the dietary factors needed for opti- 
mum milk production. The work of Hunt et al, (20) indicates that there 
was no riboflavin synthesized in the rumen of the steer on alfalfa hay alone 
but that Brnthem increased as the amount of corn in the ration increased. 
Ground corn appeared to have a more favorable effect than whole corn. The 
amount of carbohydrate in the ration may stimulate riboflavin synthesis. 
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The feeding of starch as a supplement to an all alfalfa hay ration did not 
depress, the appetite for hay significantly under the conditions of this experi- 
ment. The average daily consumption of alfalfa alone was 33.8 pounds 
against 33.0 pounds when starch was added to the ration. The cows which 
received glucose consumed 33.3 ]3onnds of alfalfa daily and 37.5 pounds on 
alfalfa alone. These data suggest that glucose tends to depress the appetite 
for hay to some extent but that starch has very little effect on hay consump- 
tion. The effect of glucose on appetite may be explained on the basis of 
rapid absorption from the rmiien or, since this sugar is highly soluble, a large 
portion may have been washed rapidly through the true stomach and then 
absorbed from the small intestine. Phillipson and Me Anally (32) demon- 
strated that the administration of glucose or cane sugar to a fistulated sheep 
caused an intense fermentation and a rapid fall in pH in the rumen during 
the first hour. No such reaction occurred after the administration of starch 
or cellulose. 

SUMMARY 

1. The effect of supplementing an all alfalfa hay ration with either corn 
starch or coim sugar (glucose) was studied on 25 feeding trials with 14 cows. 
Six pounds of starch or glucose were usually added per day. 

2. The addition of starch or glucose to the alfalfa ration did not increase 
the production of fat-corrected milk although the total digestible nutrient 
intake was increased appreciably. 

3. The replacement of 6 pounds of starch or glucose with 6 pounds of 
corn or wheat increased the production of fat-corrected milk markedly 
although the total digestible nutrient intake was not increased. 

4. The addition of starch to the alfalfa ration did not reduce the appetite 
for hay hut the addition of glucose tended to depress hay consumption. 

5. The results of these experiments indicate that digestible calories are 
not the limiting factors in alfalfa hay for optimum milk production but that 
an unknown milk-stimulating factor or factors are supplied by corn or wheat 
w’-hen fed as a supplement to an all alfalfa hay ration. 
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A STANDARD FOR EVALUATION OF DAIRY SIRES PROVED IN 
DAIRY HERD IMPROVEMENT ASSOCIATIONS^ 


Is . ISr. ALLEJSri 

Division of Dairy Hushandry, Univeristy of Minnesota 

Dairy cattle are bred primarily for milk production, a character mani- 
fested in only the female sex. The males, however, carry the genetic factors 
determining ability to produce milk and the male parent exerts an influence 
essentially equal to that of the female upon the productive ability of the 
female offspring. Due to the relatively large number of offspring he lea-ves 
in the herd, the selection of the herd sire is a matter of great consequence. 
Since an outward expression of inherent productive ability is lacking in the 
bull, this must be evaluated largely upon the basis of the performance of 
related females. It is generally recognized that the future breeding worth 
of a dairy sire can best be evaluated on the basis of progeny which have 
reached producing age. There are many practical limitations to the general 
use of progeny-tested sires but in evaluating a pedigree some of the most 
valuable information is secured from the performance of progenies of the 
male ancestors. Consequently, proper evaluation of progeny tested bulls 
must be recognized as a matter of great importance in the breeding of daily 
cattle. 

Unfortunately, even though a bull may have daughters which have been 
tested for production, evaluation of his transmitting ability is not easy and 
predictions of his future breeding worth are likely to be of questionable 
reliability. Environmental conditions make tremendous differences in the 
degree to which a cow can express her inherited ability to produce. While 
reasonably satisfactory correction factors have been developed for some of 
these, there remain many non-genetic influences which cannot be equalized, 
and which introduce an element of uncertainty into any rating based upon 
podiiction records. The principal problems of evaluating a bull on the basis 
of production of his progeny arise from the fact that he contributes onl}’’ half 
of the gene complex of his offspring. L^nless the contribution of the female 
parents can be correctly estimated, such evaluation on the sire has limited 
value. Many workers in the field of dairy cattle breeding have endeavored 
to arrive at a single index or a figure representing the potential productive 
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ability of a progeny tested sire. Lush (2) has presented a very compre- 
hensive discussion of the sire index question. The most commonly used 
and perhaps the oldest of these proposed indexes is based on the assumption 
that the offspring will tend to be intermediate in productive ability between 
that of the dam and the potential productive ability of the sire. Such a 
tendency is observed in the case of characters determined by multiple genetic 
factors and has been recognized for many years. Having a measure of any 
tw’O of the animals of the parent-offspring trio, the productive ability of the 
third can be estimated. Ordinarily the male parent is the unknown of the 
equation, but once his capacity is established, his future daughters become 
the unknown in considering the use of the bull in a program of breeding. 
The most common form of this index, assuming exact intermediate inheri- 
tance, is known under various names such as equi-parent, equal parent, mid- 
parent, or intermediate index. A number of other indexes have been sug- 
gested, for the most part trying to make allow’ances for the unreliability of 
the production of the dams as a basis for estimating their contribution to 
their offspring and for the tendency for regression toward the breed average. 

Theoretically, a satisfactory sire index should rate the bull the same, 
regardless of the .productive level of the dams of his progeny, since the pur- 
pose of the index is to eliminate the influence of the dams and measure that 
of the sire alone. That the commonly used indexes fail in this respect has 
been concluded by a number of investigators from studies in which progenies 
of sires with large numbers of offspring were divided and the index was cal- 
culated separately on each portion of the progeny. It was found in each 
case that there was less variation between the simple averages of the prog- 
enies of the two groups than between the indexes calculated from comparisons 
with the dams. On this basis it has been suggested that the best measure of 
a buIPs breeding worth is a simple average of the production records of his 
daughters, with due correction for non-genetie factors. This should not be 
interpreted, ho'wever, as meaning that the dams’ records have no value for 
improving the accuracy of evaluation of breeding worth of progeny tested 
sires. It has repeatedly been shown that there is a definite correlation be- 
tween records of daughters and of dams. 

It is to be observed in those studies in wrhich the dams were divided on 
the basis of productive levels there was a tendency for the average produc- 
tion of daughters from the higher producing dams to be 'above that of the 
daughters from the lower producing dams. This lends support to the belief 
that the records of the dams do have potential value in evaluating progeny 
tested sires, but that they may not be properly employed in the indexes 
studied, introducing greater errors than the error of disregarding entirely 
the information on the dams. In the studies cited, the method of dividing 
the progeny according to production of dams is subject to criticism, since the 
dams of the higher leA’-el will tend to include those favored by environment 
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and the errors of sampling as well as those genetically superior. Further- 
more, it is highly probable that in a majority of the cases all or most of the 
daughters occurred in the same herd and that they and their dams were 
exposed to similar envii-onmental conditions. Under such cireiimstanees it 
is reasonable to expect that future daughters of the sire, from the same or 
closely related dams and exposed to very similar environment would re- 
semble closely the previous daughters in productivity, and that any inherent 
errors of proposed indexes would reduce rather than improve the accuracy 
of a prediction of production of these future daughters. Certainly the sim- 
ple average of the daughters’ production would have very limited value in 
predicting production of future daughters under different environment. 
Nor would the eqiii-parent or similar indexes be expected to be much more 
satisfactory under such conditions. 

The fact that the genetic make-up of the cows to which a bull is mated 
will influence the production of his daughters is axiomatic. Any index 
which takes no account of the contribution of the female parents is obvi- 
0 USI 3 - omitting a matter of very serious consequence which, if it could be 
evaluated properly, would add to the accuracy of the final index. Unfortu- 
natel}^ no entirety accurate measure of the contribution of the female parents 
is available, but this fact should not discourage the use of any measure which 
would materially increase the accuracy of the estimate. 

It has long been recognized that the progeny of cows above the average 
productive ability of the breed tend to produce above the breed average but 
less^than their dams, and that daughters of cows below the breed average 
tend to produce below the breed average but not as far below as their dams. 
Formulas for estimating expected performance of daughters on the basis of 
performance of dams have been worked out from various data and reported 
by different workers. This tendency of regression toward the breed average 
has been taken into account in the derivation of some of the formulas pro- 
posed for use in arriving at an index of breeding worth of proved dairj^ sires. 
While some of these appear to have definite merit, they have failed to meet 
with popular favor, possibly because they are not fully understood by those 
not mathematically inclined. 

Norton (3) has suggested an index based upon this principle, but given 
in terms easily understood by the average breeder. He selected from the 
Holstein Advanced Registr^q those cows whose dams also had advanced 
registry records. Their records for fat yield and those of the dams were 
corrected for age, number of milkings, and length of record. The daughters 
were then grouped according to the average butterfat production of the 
dams and an ^Axpectancj^ table” was worked out showing the average pro- 
duction of daughters from dams of the various levels. This table is used 
as the basis for a proposed sire index. Instead of comparing the average 
production of the bulUs progeiw to that of their dams, Norton proposed 
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that it be compared to the expected production as indicated in Ms table of 
aTerage experience or expectancy. He proposed that the difference between 
actual and expected production of the daughters be added to if greaterj oT; 
if lower subtracted from the average production of the daughters. This is 
the same as adding to the exx3ected production, twice the deviation from ex- 
pectancy, or an application of the equal parent principle with the expected 
production as a base. 

The fundamental idea of the expectancy table seems very sound and 
practical, applying the principle of regression in a workable and easily 
understood manner, but the application suggested by Norton does not appear 
entirely logical. The production of the daughters, and the expected pro- 
diietioB, are influenced by the dam as w^ell as the sire, and wiieii the devia- 
tion from expected production is added to the prodnctioii of the daughters, 
a rating is secured from w^hich the influence of the dams has not been ex- 
cluded, and wiiidi is not directly comparable to a rating secured on dams 
of a different average level of production.. 

Since a large number of sires is inelnded, it is probable that the sires 
throughout the group will on the average be genetically approximately an 
average group of bulls for the breed. Moreover, it seems logical to assume 
that the aA^erage bull of a breed will haA’e a genetic make-np of factors for 
productive ability essentially equivalent to that of the average cow. There- 
fore, it might be assumed that a bull Avhose daughters on the average reach 
only the level of the expectancy table is a bull with the average genetic 
make-up of his breed and that his potential productive ability is equivalent 
to the average production of females of the breed. The soundness of this 
assumption is borne out by the fact that the point at which the daughters 
average the same as the dams agrees closely wuth the average of the entire 
group. BeloAV this leA’-el, the daughters tend to be superior to their dams, 
but above this IcA^el the daughters tend to be inferior, suggesting that the 
average effectiveness of the selection of hulls has not been very great. 

It would, therefore, seem reasonable, if an index is desired expressing 
the potential productive ability of a sire under average emdronment based 
on the equal parent assumption, to double the deviation of his daughters 
from expectancy and add to the breed average for potential performance 
of sires, represented by the level at which daughters and dams are equal. 
This index is based on a definite emdronmental level, Avith the influence of the 
dams standardized, or merely Norton index transposed to an average set of 
conditions. This treatment renders the index more suitable for comparing 
directly, ratings on different sires. Even if no attempt is made to arrive at 
a single expression of the sire’s potential productive ability, the expectancy 
table should be exceedingly valuable as a practical standard of comparison 
or a ^ par ’ ’ value by which to judge proA^ed sires. 

The publication of the results of the Nation-Avide survey of dairy sires 
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proved in dairy herd improvement associations by the Bureau of Dairy In- 
dustry of the United States Department of Agriculture has provided a large 
volume of data from which expectancy tables may be derived for our five 
major dairy breeds under average Dairy Herd Improvement Association 
conditions. Being based upon progeny groups rather than individual 
daughter-dam pairs it should be even more useful as a standard for evalu- 
ating sire performance. It is felt that a table of average performance of 
this large group of sires, arranged by breeds, and according to average level 
of dams for milk yield, fat yield, and fat percentage should provide a very 
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Pig. 1. Average performance of 214 Ayrshire sire progeny groups as related to level 
of perfomianee of their dams. 

valuable standard of comparison for evaluating proved sires. With this 
thought in mind, this study was undertaken. 

The Division of Daily Herd Improvement Investigations of the Bureau 
of Dairy Industry of the United States Department of Agriculture (i) has 
compiled the data gathered in the Nation-wide program of proving dairy 
sires which has been carried out in cooperation with the dairy extension 
service in the various states. . This has made available daughter-dam com- 
parisons for 5886 sires of the five major dairy breeds and provides a -wealth 
of data for study of the performance of dairy sires under Dairy Herd Im- 
provement Association conditions. The data for each breed have been con- 
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sicl€red separately. Duplication of sires lias been avoidedj using onli^ the 
latest or most complete data for sires appearing in more tban one of these 

published lists. 

These data have been assembled according to the average performance of 
the dams to "wMcli the individual sires Tvere mated. Milk production^ fat 
production, and fat percentage have been considered separately. From 
these data for each breed and for each of the three performance factors 
the average level of performance of the sires’ progenies has been estimated 
ill relation to the average level of the dams to ■which they "veie mated. The 
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Fig. 2. Average performance of 124 Brown S^viss sire progeny groups as related to 
level ef performance of tiieir dams. 

data have been fitted by the method of least squares and are presented 
graphically in figures 1 to 5 inclusive. In table 1 the comparative average 
performance of daughters and dams for the entire group is shown, together 
with the formula for estimating expected production of the progeny. 

At the outset, it must be recognized that the progenies in the higher 
level of production will tend to have an average environment more favorable 
than those in the lower levels and the widest range of environment will fall 
in the median group. In all probability in the lowest levels are found the 
poorer animals genetically, and handled under the poorest conditions. In 
lilt? highest levels will be found those with the highest genetic productivity 
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handled under the most favorable conditions. In the intermediate groups 
■will be found animals of good heredity limited by poor environment and 
fluimalg of relatively poor heredity but -with favorable environment as veil 
as animals of average heredity and average environment. It is also prob- 
able that more care has been exercised in selection of sires used on the dams 
of the higher levels of production and that there is some degree of hereditary 
superiority as compared to the sires used at the lo’wer levels. The best pre- 
diction for a bull for continued use in the herd -where he -was proved should 
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Fig. 3. Average performance of 1238 Guernsej sire x)rogeny groups as related to* 
level of performance of their dams. 

be tlie simple average of bis daughters, since bis future daughters will be 
largely from the same group of dams and under very similar environment. 
Almost any index when used to forecast probable production of future 
daughters of the same dams would predict a production the same as for the 
previous daughters. For predicting his future daughters from a group 
of dams in another herd where both the hereditary contribution of the dams 
and the environment are different, a standard such as the expectancy 
fori^iula given in this paper should have much greater value, provided the 
records are arrived at in the same manner as in those from which the stand- 
ard is derived, ie., lifetime average, Dairy Herd Improvement Association, 
305-day, mature, twice a day milking basis. 
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A study of tlie data in table 1 shows that except in the case of the Guern- 
sey "roup, the lexel at which the daughters equal their dams in milk pro- 
duction is soiiiewliat below the average for the breed. This suggests that 
the eniling practiced in the co^YS is more effective than the selection of the 
sires, with either more effective selection of sires or less effective ciiUiiig of 
cows, or both in case of the Guernsey group. Likewise in fat production 
the Holstein, Ayrshire, and Brown Swiss bulls failed to maintain produc- 
tion up to the breed average while the Guernsey and Jersey hulls maintained 
production slightly above the breed average. For butterfat percentage 
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Fig. 4. Aveiage performaiiee of 3322 Holstein sire progeny groups as related to 
level of performance of tlieir dams. 

which is merely an expression of the relationship between milk yield and fat 
yield, in all breeds the sires were able to maintain a level higher than the 
average for the breed. This might be due to culling out the lowest milk 
producers among the cows. The poorest milk producers are likely to have 
a fairly high test due to an inverse relationship at lower levels of milk pro- 
duction. 

The average milk production of the daughters is less than of the dams 
in all but the Guernsey, breed, and average fat production is less in ail except 
the Guernsey and Jersey breeds. The average prodnction of the daughters 
,will usually tend to be loiver than of the dams in studies of large numbers 
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since the clams are iiifluencecl more by selection and culling. A cow that has 
a low yield for her first lactation is not likely to have a further opportunity 
to become a dam, since she will probably be culled from the herd. A situ- 
ation in which the daughters ecjual the dams in average production over a 
period of years -will result in a gradual increase in productivity for the 
population since such an increase will be necessary to mask the infliuenee of 
differential selection and culling. 

The correlation between daughters and dams is greater for fat yield than 
for either milk yield or fat percentage. This cannot be attributed entirely 



Fig. 5. Average performance of 988 Jersey sire progeny groups as related to level 
of performance of their dams. 

to a greater degree of heredity as compared to fat percentage, however, since 
the daughters and dams tend to have similar environment and the fat per- 
centage is influenced to a much lesser degree by environment. The Mount 
Hope index is applied to milk yield and to fat percentage. The equal parent 
index is in many cases likewise applied, the index for fat yield being the 
product of the indexes for milk yield and fat percentage. There are many 
reasons both genetic and physiological for believing that such indexes might 
more properly be applied to fat yield than to fat percentage. 

Although the equal parent or any similar index will undoubtedly differ- 
entiate between extremes of potential productive ability, a relative rating 
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of two bulls based on tlie index alone witli no kiiowiedge of tlie figures from 
wliicli tlie index was derived may be misleading, 

WHle a modification of Norton’s index lias been suggested, based on a 
comparison of actual and expected production, it is not recommended that 
such an index be used in rating sires unless the data used in arriving at the 
index are incdiidecl. A single figure such as this is apt to create an impres- 
sion of greater accuracy than actually exists. It is felt that the greatest 
practical value of the expectancy tables lies in their' use as a standard of 

TABLE 1 


of pro fh( (ft inn of daughters of sires proved in Dairy Herd Improvement 
Associations to production of their dams 


Breed 

Xo, of 
sires 

Average 

perform- 

ance 

daughters 

Average 

perform- 

ance 

dams 

Sires ’ 
average 
potential 
perform- 
ance* 

Formula for expected 
performance of 
daughters 



Milk yield, pounds 

Ayrshire ... 

214 

7,821 

8,103 

6,980 

1,752+ (.7490 X dams’) 

Br. Swiss - 

124 

8,404 

9,090 

7,655 

3,659+ (.5221 X dams 0 

CTuernsev ... 

1,238 

7,530 

7,462 

7,578 

4,427 + (.4158 X daxns^) 

Holstein ... 

3,323 

10,414 

10,769 

10,135 

5,672+ ^4403x dams’) 

.Jersey 

988. 

6,935 

7,160 

6,865 

5,226+ (.2387 X dams 0 



Bat percentage 

Ayrshire ... 

214 

4.035 

3.964 

4.144 

1.658+ (.5998 X dams 0 

Br, Swiss., i 

124 ' 

4.024 

3.981 

4.113 

1.362 + (.6688 x dams ’) 

Guernsey .. ^ 

1,238. 

4.872 

4.787 

4.951 

2.563+ 04825 X dams’) 

Holstein ... : 

3,322 

3.473 

3.436 

3.510 

1.775 + (.4945 x dams’) 

Jersey i 

i 

'988 < 

5.294 

5.195 

5.415 

2.435+ (.5503 X dams-') 

j 


Pat yield, pounds 

Ayrshire ... 

214 

316.1 

320.9 

292.4 

49.2+ (.8317 X dams’) 

Br. Swiss,., i 

124 

338.1 

361.4 

296.7 

106.6+ (.6407 X dams’) 

Guernsey ... i 

1,238 

360.7 

356.2 

375.6 

86.8 + (.7690 X dams ’) 

Holstein ; 

3',322 

359.2 

369.4 

335.4 

100,4 + (.7006 X dams ’) 

Jersey | 

988 

366.7 

364.4 

371.8 

115.2+ (.6903 X dams ’) 


* Tlie average potential performance of tlie sires is tlie level at whicli the average 
performance of the daughters equals that of their dams. 


■eomparison by wbieb to interpret the differences in production of progeny 
as compared to their dams. By the equal parent or similar indexes, when 
the bull is rated on the basis of extremely high producing dams, environ- 
ment for both daughters and dams is almost certain to be very favorable. 
If this index is used to estimate the probable production of daughters in a 
herd of very low production where environment is apt to be very poor, the 
•daughters will probably fall far short of the estimate. Likewise a hull used 
on dams of poor production, with daughters tested under the same environ- 
ment, will probably be underrated for use in herds of high production. This 
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tendency might be offset to some degree by the greater assertion of the in- 
fluence of dominant genes at lower levels of production. If a bull is rated 
on the basis of deviation of his daughters from expected production (using 
the expectancy tables for the breed as a standard) there may be a similar 
tendency but to a lesser degree since only the spread is affected. The base 
is a variable in which cognizance is taken of the difference in environment. 

An index giving a specific rating on a bull is in itself of value only in 
making a choice between bulls. In the final analysis the factor of greatest 
importance is the accuracy with which production of future daughters may 
be predicted. This involves essentially a reversing of the process of calcu- 
lating the buirs index. If this prediction is for future daughters in the 
same herd from the same dams, regardless of what index is used, the pre- 
diction will be the same as the average production of the daughters. For 
predicting production in a herd where environment and heredity of the dams 
are different, the index should make allowance for these differences. When 
used for predicting production of future daughters, the simple equal parent 
index does not make allowance for the differences in environment. 

The suggested modification of Norton ^s index in which twice the deviation 
of daughters is added to the breed average for sires ^ potential performance 
should be more suitable for a comparative rating of sires, since environment 
is at least partially standardized and there is no regression at the level of 
production and environment for which the index is calculated. For calcu- 
lating the probable production of future daughters, this index of the sire is 
not needed, only the deviation from expectancy being used/ The average 
expected production may be estimated for the dams on which the bull is to 
be used. This gives a base in wFich differences both genetic and environ- 
mental are considered. To this base, the deviation of the bulFs previous 
progeny from expectancy may be added to secure an estimate of probable 
production of future progeny. In doing this, a deviation below expectancy 
must, of course, be treated as a negative quantity. In the final analysis, 
this is nothing more than the equal parent index with compensation for dif- 
ferences in environment and for regression. By using the charts to deter- 
mine expectancy, this method can be applied with no more calculation than 
a simple addition or subtraction. 

Naturally, such a method will not fit all individual cases, but there' is 
reason to believe that with no loss of simplicity, the average degree of ac- 
curacy should he greater than for the simple equal parent index. While no 
method gives a strictly accurate estimate, any method which increases the 
average degree of accuracy has practical value until a better is offered. 
These charts or formulas can be properly applied only to eases within the 
range of conditions of the population from which they were derived. For 
advanced registry conditions, a similar standard should be worked out from 
advanced registry data. 
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If aecompaiiiecl by an adequate testing’ and record keeping program, arti- 
ficial iiiseniiiiatioii associations should in a few j^ears provide data ideally 
suited for a critical study of the comparative value of various bull indexes, 
with a possibility of arriving at a more accurate method of rating progeny 
tested sires than any jet suggested. "While no method gives an entirely 
accurate estimate, any method which increases the average accuracy is 
desirable. 

SUMMARY 

1. From the lists of sires proved in dairy herd improvement associations, 
compiled by the Bureau of Dairy Industry, formulas have been derived 
for estimating the average expected production of daughters according to 
the productive level of the dams. 

2. This average expected production of milk, of fat, and for fat per- 
centage is presented in graphical form, to be used as a guide in evaluating 
progeny tested bulls and in predicting probable production of future 
daughters. 

3. A modification of Norton ^s sire index is suggested for comparative 
rating of sires. Twice the deviation of the sire’s daughters’ production 
from the expected is added (negative deviations carrying a minus sign) to 
the breed average for potential performance of sire to give an estimate of 
the sire’s hypothetical productive ability under average environment for 
the population. 

4. To estimate probable production of future daughters, the deviation 
of his daughters’ production from expected is added (deviations below ex- 
pected being treated as negative values) to the expected production esti- 
mated for daughters of the cows to which he is to be mated. 

5. This method applies the equal parent principle with a simple and 
workable allowance for regression and general differences of environment. 

NOTE 

Subsequent to the preparation of the manuscript for this paper, Eiee 
(4, 5), has published a report of a study of the performance of Ayrshire 
sires whose provings were available in the records of the Ayrshire Breeders’ 
Association. As a result of his investigation, he has suggested a method 
for evaluating progeny tested sires based on the same fundamental con- 
cepts as proposed in this paper. 

Rice’s proposed index differs in principle from that suggested in this 
paper in that he does not double the deviation from expected production be- 
fore adding to the breed average. If the index is intended to represent the 
potential productive ability of the sire, the same principle of regression 
which is fundamental to the entire proposal suggests that this deviation 
should be doubled. In the simplified application based on fifty per cent 
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regression, tills is identical to the ordinary equal parent index. As used 
by Eice, it differs by the amount of the deviation from expected production, 
being higher by this amount for bulls ’whose'^daugliters fail below and lower 
for those whose daughters exceed expectancy. For predicting the perform- 
ance of future daughters, which is the ultimate purpose of a sire index, the 
predicted production based on fifty per cent regression will be the same as if 
the simple equal parent method had been used, regardless of whether or not 
the deviation is doubled. This method of evaluating sires and predicting 
the performance of future daughters is an improvement over the ordinary 
equal parent procedure only to the extent that the regression varies from a 
value of fifty per cent, and any additional practical value which it may have 
is lost if the actual regression is rounded to fifty per cent. 
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THE RATIO OP ASCORBIC, NICOTINIC, AND PANTOTHENIC 
ACIDS, RIBOFLAVIN AND THIAMIN IN LATE 
SUMMER MILK* 

AETHUR D. HOLMES, CAELETON P. JONES, ANNE "W. WEETZ, 
KATHERINE ESSELEN and BEULa’ T. McKEY 
Massachusetts Agricultural Experiment Station, Amherst 

Since milk sem^es as tlie sole nourisliment of the young of the various 
species of animals that produce it, some have considered it a complete food, 
at least for young animals. Accordingly, many studies have been conducted 
to determine its nutritive value, and years ago data ^vere accumulated con- 
cerning the minerals, protein, fat, and fatty acids which occur in cow^s milk. 
During the discovery of vitamins or food accessory factors, as they were then 
designated, Hopkins (9), Osborne and Mendel (21), McCollum and Davis 
(15) and others found that cow’s milk was a good source of the early recog- 
nized fat- and water-soluble vitamins. Langworthy and Holmes (13) found 
that milk fat was practically completely utilized by the human body. With 
the continuous accumulation of data concerning its nutritive value, the im- 
portance of milk as a human food has been constantly emphasized. How- 
ever, recently additional water-soluble vitamins have been discovered and 
identified. Therefore additional data are required for a more complete 
evaluation of milk as a human food and particularly to enable one to judge 
the extent to which milk can be relied upon as a source of vitamins for bottle- 
fed infants and very small children whose diet consists very largely, and 
sometimes wholly, of milk. Accordingly, the present study was undertaken 
to aeeuiniilate data concerning the amount and ratio of ascorbic, nicotinic, 
and pantothenic acids, riboflavin and thiamin in cow’s milk. 

EXPERIMENTAL 

The milk used in this study was produced by the college herd. Since 
the herd consisted of seventy cows of five different breeds, Ayrshire, Guern- 
sey, Holstein, Jersey, and Shorthorn, individual breed characteristics and 
other factors, such as age, stage of lactation and pregnancy, were largely, if 
not completely, eliminated. The season selected for conducting the study 
was late summer when the pasture grasses were fully mature, but before 
severe frosts had affected their quality. Inasmuch as there was an urgent 
demand for maximum milk production, the pasture ration was supplemented 
with ground grains (14% protein) at the rate of one pound for each six 
pounds of milk that the cows produced. The cows were all normal healthy 
animals, and "were maintained under continuous veterinary supervision. 

Eeeeived for publication March 31, 1944. 
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The eows were milked by maeiiine at 3 : 30 p.m. and 3 : 30 a.m. The after- 
noon milk was cooled at once to 40° F. and stored at that temperature until 
the morning milk was cooled and added to it. A sample of the combined 
afternoon and morning milk \Yas taken at 8:00 a.m. when the average age 
of the iiiiik was about ten hours. The assays were eommeiieed at once upon 
the raw milk, 

ASSAY PROCEDURES 

The method described by Tripp, Satterfield and Holmes (26) and Holmes, 
Tripp, Woelffer, and Satterfield (8) was used to determine the ascorbic acid 
content of the milk. The nicotinic and pantothenic acids were assayed by 
Landy and Dickeii (12) microbiological method using Lactolacillm casei. 
The milk samples were digested 24 hours at 45° C. with papain and clarase. 
The amounts of papain and of clarase used were 2 per cent of the weight of 
the sample. In eonipiiting the nieotinie and pantothenic acid content of the 
milk, allowance was made for the amounts of these vitamins in the enzymes. 
The riboflavin content of the milk was determined by the fluorescence method 
reported by Holmes, Jones, Wertz, and Kuzmeski (5). The tliiochrome 
method of Heniiessy and Cerecedo (3) was nsed in the assay of milk for its 
thiamin content. 

RESULTS 
Ascorbic Acid 

The ascorbic acid in the fifteen samples of raw milk,, table 1, varied from 
17.1 to 20.3 mg. per liter and averaged 18.4 zt 0.69 mg. This value is 
slightly less than 19.7 mg. per liter obtained by Holmes, Jones, Wertz, and 
Kuzmeski (5), for winter milk produced about eight months earlier by the 
same herd of cows, but it is higher than 17.3 mg. per liter reported by Holmes, 
Tripp, Woelifer, and Satterfield (8) for raw certified milk. 

Nicotinic Acid 

The nieotinie acid content of the milk varied from 0.96 mg. to 1.27 mg. 
per liter with an average of 1.1 dr 0.10 mg. per liter. This value is higher 
than the 0.66 mg. value reported by Williams, Cheldelin, and Mitchell (30) 
and 0,6-43.9 mg. values found by Noll and Jensen (20) for skimmilk. On 
the other hand it is lower than 1.46 mg. per liter reported by Bailey, Danii, 
and Satterfield (1) for Ayrshire milk produced in January, 3.0 mg. obtained 
by Kodieek (11) for fresh November and December milk, 1.2-4.4 mg. found 
by Melniek and Field (17), or 8.2 mg. per liter reported by Waisman and 
Elvehjem (27). 

Pantothenic Acid 

The amount of pantothenic acid in the milk ranged from 3.35 mg, to 4.10 
mg. per liter with an average of 3.66 ih 0.31 mg. per liter. The literature 
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consulted contained very little data concerning tlie pantothenic acid content 
of milk. Strong, Feeney, and Earle (25) found similar results, 4.0 mg. per 
liter, with those obtained in this study. Likewise, McElroy and Goss (16) 
obtained approximately the same value, i.e.^ 4.5 mg. Prom their study, they 
concluded that pantothenic acid was synthesized by the microflora of the 
digestive tract for they limited the pantothenic acid intake of a cow to 17 
ing. per day and obtained 41 mgs. daily in the milk that she produced. 
Jukes (10) reported that the whole milk he studied contained from 1,3 to 
4-3 mg. with an average of 2.8 mg. of pantothenic acid per liter. Since milk 
forms the principal, if not the entire, diet of infants, it is interesting to com- 
pare these values for the pantothenic acid content of milk with those reported 
for Eoyal Jelly which is an important food for the very young of another 
species. Pearson and Biirgin (22) report that Eoyal Jelly contains 179 mg. 
of pantothenic acid per 1000 gm., which is about forty-five times as much as 
was found in the milk used in this study. 

TABLE 1 

yUamin content of late summer raw mill: 

(MilUgrams per liter) 


Sample 
Nu. 1 

Ascorbic 

acid 

Nicotinic 

acid 

Pantothenic 

acid 

Biboflavin 

Thiamin 

i 

t ' 

18.5 


3.45 

1.48 

0.53 

2 

17.3 


, 3.95 

1.29 

0.45 

3 1 

18.3 


3.88 

1.39 

0.53 

4 1 

18.0 


1 3.o5 

1.31 

0.43 

5 i 

17.5 


4.10 

1.44 

0.41 

0 i 

17.1 


1 4.05 

1.43 

0.44 

I" ! 

17.9 

1.27 

3.35 

1.40 

0.43 

S 

17.8 

1.00 

1 3.37 

1.32 

0.41 

9 ; 

18.8 

1.01 

i 3.85 

1.34 

0.42 

10 1 

18.8 

1.05 

i 3.47 

1.31 

0.45 ' 

11 1 

18.3 

0,96 

3.27 

1.32 I 


12 i 

20.3 

1.14 


1.38 i 

0.43 * 

13 ! 

18.8 

1.13 


1.31 1 

0.44 

14 

18.8 

1.14 


1.42 

0.45 

15 1 

19.3 

1.20 


1.42 

0.44 

Average | 

38.4 + 0.69 

1.1 ±0.10 

3.66 + 0.31 

1.37 ± 0.08 

0.44 ± 0.04 


Bibb flavin 

The riboflavin content of the milk produced during the experiment varied 
from 1.29 mg. to 1.48 mg. per liter, and averaged 1.37 zt 0.08 mg. Except 
for these extreme values the variation was only 0.14 mg. which indicates the 
milk was of quite uniform riboflavin content. The average value is some- 
what lower than 1.51 mg. reported by Holmes, Jones, Wertz, and Kuzmeski 
(5) and 1.45 mg. to 1.50 mg. reported by Holmes and Holmes (4) for raw 
winter millv produced by the same herd. It is also lovirer than the values, 
1.76 to 2,55 mg. of riboflavin per liter, reported by Whitnah, Kunerth, and 
Kramer (28) , 7.8 mg. reported by Lindhoim (14), and 1.5 to 2.5 mg, reported 
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by Snell and Strong (24), but the riboflavin eonteiit of milk obtained in this 
study is higher than the values of 1.0 to 1.2 mg. per liter reported by Eandoin 
and Eaffy (23), and of 0.95 mg., reported by Williams, Cheldelin, and Mit- 
chell (30). 

Thiamin 

The thiamin content of the samples of milk studied varied from a mini- 
mum of 0.41 mg. per liter to a maximum of 0.53 mg. per liter. The average 
value obtained for the 15 samples was 0.44 dz 0.04 per liter. This is iden- 
tical with the value reported by Williams, Cheldelin, and Mitchell (30) for 
Jersey and Guernsey milk. A number of other investigators report some- 
what lower results for the thiamin content of milk. Halliday and Deuel (2) 
found the average thiamin content of certified Holstein milk was 0.41 mg. 
per liter. Widenbauer and Heckler (29) obtained values ranging from 
0.13 to 0.57 mg., and averaging 0.32 mg. per liter and Morgan and Haynes 
(18), found three samples of market milk contained 0.27, 0.30, and 0,32 mg. 
of thiamin per liter. 

Eatio of Vitamins in Milk 

Since cow’s milk is a natural product that is extensively recommeiide.d 
and very generally used for human food, it is of interest to consider the ratio 
of vitamins in it. This is particularly the case for milk which is destined to 
be the principal and sometimes the whole source of nourishment for infants. 
The ratio of the five vitamins under consideration was computed for each of 
the fifteen samples of milk assayed, but since these data are rather volumin- 
ous, only the average values will be reported here. When the thiamin con- 
tent of the milk was used as a basis of computation it w^as found that the 
ascorbic acid was 41.6, the pantothenic acid 8.2, the riboflavin 3.3, and the 
nicotinic acid 2.5 times larger. Using nicotinic acid as the basis of com- 
parison, the ascorbic acid was 17.2, the pantothenic acid 3.3, the riboflavin 
1.2, and the thiamin 0.39 times larger. Considering the riboflavin content 
of the milk as a basis, the ascorbic acid was 13.5, the pantothenic acid 2.7, 
the nicotinic acid 0.81, and the thiamin was 0.32 times as much. If panto- 
thenic acid is used for comparison, the ascorbic acid was 4.2 times, riboflavin 
0.28, nieotinic acid 0,26, and thiamin was 0.10 times the pantothenic acid con- 
tent of the milk. Computed on the basis of the ascorbic acid in the milk, the 
amount of pantothenic acid was 0.21 times, the riboflavin 0.08, the nicotinic 
acid 0.06, and the thiamin was 0.02 times the amount of ascorbic acid found 
in the milk. 

It is of interest to compare the ratio of the five vitamins in the milk 
under consideration, with the ratio of these vitamins recommended for in- 
fants. After extensive study by experts in the field of human nutrition, the 
Food and Nutrition Board of the National Eesearch Council (19) adopted 
and recommended daily allowances of the various dietary essentials for 
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people of different ages. Tlie recommended allowances for cMldren under 
one year old are: ascorbic acid 30 mg., nicotinic acid 4 mg., riboflavin 0.6 
mg., and thiamin 0.4 mg. daily, the ratio of the vitamins being ascorbic acid 
75 times, nicotinic acid 10 times, and riboflavin 1.5 times that of thiamin. 
As stated above, the ascorbic acid content of the milk under investigation 
was 41.6 times, nicotinic acid was 2.5 times, and riboflavin was 3.3 times the 
thiamin content of the milk. Consequently, in order to modify this milk 
to meet the National Kesearch Council’s recommended dietary allowances 
for infant feeding, it is necessary to fortify it with natural or synthetic 
vitamins. The recommended allowance for ascorbic acid is 30 mg. daily, 
but the milk under investigation contained only 18.4 mg. per liter. Thus 
to obtain 30 mg. daily from the milk, an infant would have had to consume 
about one and two-thirds liters daily, a physical impossibility. Accord- 
ingly, it was a routine i:)raetiee in infant feeding to supplement a modified 
cow’s milk formula with orange, tomato, or other juices. Recently, however, 
because of the uncertain ascorbic acid content of oranges, as shown by 
Holmes, Pigott, and Tripp (7), Holmes, Patch, and Tripp (6), and others, 
hospitals and pediatricians have tended to supplement milk formulas with 
synthetic ascorbic acid since thereby a definite amount may be fed daily. 
One liter of the milk under discussion would supply exactly the amount of 
thiamin, twice as much riboflaviu, but only one-fourth of the nicotinic acid 
recommended by the National Research Council for infants. Unfortunately, 
there are few natural foods suitable for infant feeding, which can be fed in 
sufiSeieiit amounts to provide the quantity of nicotinic acid required to fortify 
the milk under consideration to meet the vitamin allowances recommended 
by the National Research Council. Thus it appears that in order to modify 
the milk used in this study, which is doubtless typical of large volumes of 
commercial milk, so that it would meet the vitamin allowances recommended 
by the National Research Council for infant feeding, one must use foods 
exceedingly rich in nicotinic acid or a synthetic preparation of it. 

SUMMARY 

Fifteen samples of late summer milk produced under typical modern 
dairy farm conditions, were assayed for ascorbic, nicotinic, and pantothenic 
acids, riboflavin, and thiamin.' The average vitamin content of the milk was 
ascorbic acid 18.4 ±: 0.69 mg., nicotinic acid 1.1 zt 0.10 mg., pantothenic 
acid 3.66 dr 0.31 mg., riboflavin 1,37 ± 0.08 mg., and thiamin 0.44 ±: 0.04 
mg. per liter. The ratio has been computed for each vitamin to the other 
four vitamins of the group. For instance, considered on the basis of the 
thiamin content of the milk, the ascorbic acid is 41.6 times, nicotinic 2.5, and 
riboflavin 3.3 times its thiamin content, whereas the recommended vitamin 
allowances for infants are in the ratio of ascorbic acid 75 times, nicotinic 
acid 10 times, and riboflavin 1.5 times that of thiamin. Hence the milk 
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imcler eoiisi deration would have to be fmdified with ascorbic and nicotinic 
acids to meet the recommended allowances for infant feeding. 
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A NOTE REGARDING THE SPEEDS OF BABCOCK CENTRIFUGES 


B. L. 

Cornell University^ Ithaca^ New Yorlu 

When Stephen M. Babcock first described his test for fat in milk (1), 
he did not specify the exact speed at which bottles were to be centrifuged. 
In a later report (2), he said that the speed should -vary between 700 and 
1200 r.p.in. depending upon the diameter of the wheel, but he did not go 
into details. 

Seyeral years later, a table was published by others (3) which was sup- 
posed to show the speeds at which machines of various sizes should be oper- 
ated to secure equal centrifugal forces. During the past forty-seven years, 
this table has been incorporated into most textbooks dealing with the subject, 
and into the Babcock regulations of many of the states, in spite of the fact 
that it is based upon a faulty assumption. 

The faults of the present table become obvious when one considers the 
statement that a machine 10 inches in diameter (5-inch radius) is to be 
operated at a speed of 1074 r.p.m. As a standard test bottle is 6.5 inches 
high, the neck of the bottle would project 1.5 inches past the center of the 
machine, and any fat in this portion of the neck would actually be thrown 
out of the bottle b}^ centrifugal force. Nevertheless, the regulations of at 
least seven states apparentl}^ authorize this procedure. 

It should be stated that the authors of this table were undoubtedly aware 
of this situation. Their values for centrifuges of small radius are appro- 
priate if very short bottles are centrifuged, such as those less than five inches 
high which are sometimes used for testing human milk. These criticisms 
are directed, not toward the table itself, but toward its misuse by the unwary 
who may not realize that the proper radius of the machine, and its proper 
speed, are dependent upon the height of the bottle which is to be centrifuged. 

The table of speeds in common use was calculated to yield equivalent 
forces upon particles in the bottoms of the cups. The forces acting upon 
the material inside the bottle, or in the neck, are substantially less because 
they are nearer the center of rotation. Table 1 shows the relative forces 
acting at the bottom of the cup, at the fat-acid interface during the first (and 
principal) centrifuge period and at a point half way up the neck of the 
bottle, under the conditions which are commonly specified. 

Obviously this table gives equal forces at the wrong place in the test 
bottle. However, it is not obvious which point in the test bottle should be 
used for these calculations. 

It seems probable that the first centrifuging is the most critical of the 
three centrifuge periods. During the first period, the centrifugal force must 

Received for publication March 31, 1944. 
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TABLE 1 

Belaiive forces at different positions in the bottle when centrifuged at 
the speeds in common use 





Eelative forces exerted 


Diameter 

Speed 

At the 
bottom 

1 

1..5 inches 

At the middle of the neck 


above the 
bottom 

64neb 

bottle 

O'inch 

bottle 

10 

r.p.m* 

1074 

1 

0.7 . 1 

0.050 

-0.200 

12 

9S0 

1 

0.75 

0.208 

0.000 

14 

1 909 

1 ■ 

0.786 

0.321 

0.143 

113 

' 848 

1 

0.813 1 

0.406 

0.250 

18 

1 800 

1 

0.833 ! 

0.472 

0.333 

20 

759 

1 i 

0.850 

0.525 

0.400 

oo 

^ 724 

1 

0.866 

0.568 

0.455 

i4 j 

' 693 

1 

0.875 

0.604 1 

0.500 


aet upon fat in tie form of minute droplets and collect it into an oily layer. 
During the later periods, this oil layer is brought into the neck of the bottle, 
and miieli smaller forces are needed because of the larger sizes of the oil 
droplets. If this first centrifuging is the most important one, it would seem 
advisable to standardize the force acting at the top of the acid la^’^er at that 
time. The forces acting below this surface would always be greater than the 
standard force, never smaller. 

For this reason, it is suggested that speeds should be used which yield 
equal forces at a point 1.5 inches above the bottom of the centrifuge cups. 
These speeds are given in table 2. This table also shows the relative forces 
acting in each ease at the bottom of the cup, and at a point half way up the 
neck. 

TABLE 2 

Relative forces at different iwints in the test bottle when centfifuged at 
the proposed neia speeds 


! 



Eelative forces exerted 


Diameter 

Speed 

At the 
bottom 

i ! 

1 

1,0 indies j 

At the middle of the neck 


above the i 
bottom j 

6-iiieh 

bottle 

9 -inch 
bottle 

10 

T.pMl. 

1171 

1.428 

1 

0.071 

-0.286 

12 i 

1033 

1.333 

1 : 

0.278 

0.000 

14 

934 

1.272 

1 

0.409 

0.182 

16 

859 

1.230 

1 

0.500 

0,308 

18 

soo* 

1.200 

1 I 

0.567 

,0.400 

20 

751 

1.176 

1 

0.617 

0.471 

22 

711 

1.157 

1 

0.657 

0,520 

24 

677 

1.142 

' 1 

0.690 

0.576 


* According to Barrington and "Woll (3), Babcock’s machine was 18 inches in diame- 
ter. Their table of speeds was ealenlated with the assumption that such a machine should 
operate at 800 r.p.m. This assumption was retained when calculating the speeds in this 
table. 
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It is apparent that the force in the neck of the bottle may be relatively 
low, especially in the machines of smaller diameter. It would seem unde- 
sirable to have this force become too small because of the slow separation of 
water eiiiiilsified in the fat column. There are no data available to indicate 
the iiiiniimiBi permissible force in the neck of the test bottle. However, the 
use of ten-inch and twelve-inch machines should certainly be discouraged ; 
in fact, they have already been dropped in some states, and it might be advis- 
able to discontinue the use of fonrteen-ineh machines, at least in the case of 
commercial and official testing. When the long-neck cream bottles are used, 
the use of even an eigh teen-inch tester would appear questionable. 

SUMMARY 

The table of speeds of Babcock centrifuges in common use gives equal 
forces at the bottom of the eiip, not in the bottle where the sample is placed. 
A new table has been calculated to produce equal forces at the fat-acid inter- 
face during the first centrifuging period. It is recommended that the use 
of small diameter centrifuges be discontinued because the force acting to 
remove water emulsified in the fat column is very small in the small 
machines. 
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THE VALUE OF KELP MEAL IN EATIONS FOR DAIRY CATTLE^ 


M. H. BEBBY K. L. TEEK 

DepartmeJit of Dairy Sushandry, University of Maryland, College Part, Md. 

Dried kelp lias found considerable use as a source of minerals in livestock 
feeding. According to tlie producers of kelp meal, it contains a remarkablv 
liigii content of some 30 odd mineral salts that are beneficial to the health of 
livestock, especially with respect to their reproductive functions, groYtli, and 
increased milk production. On the other hand, a limited number of avail- 
able reports on the use of kelp meal, or kelp in combination with other prod- 
ucts in proprietai^v mixtures, have shown no appreciable benefits from 
adding them to well balanced rations for dairy heifers and dairy cows (1, 
2.3.L6). 

Because of the claims made and the fact that many dairymen have pur- 
chased kelp meal, or mixtures containing kelp, it seemed practicable to con- 
duct an investigation to obtain more information on the value of adding- 
kelp meal to the rations of dairy cattle, and the results are herein reported. 
The kelp meal used was produced from the giant kelp (Marcocystis pyrifcra) 
that grows in the Pacific Ocean off the coast of Southern California. 

An average analysis of the meal made from the dried ground plant is as 
follows: 


Ash (natural plant minerals) 35.2% 

Carbohydrates (nitrogen-free extract) 42.9 

Protein 5.6 

Pat (ether-soluble) 0.5 

Fiber 6.5 

Moisture 9.3 


100 . 0 % 


EXPERIMENTAL 

The original plan was to feed a group of heifers from an average age of 
12 months to first calving on the usual roughages and a grain mixture con- 
taining 4 per cent kelp meal and to compare the results obtained with another 
group fed the same grain mixture without the kelp. During the progress of 
the investigation, however, the plan was modified to continue the animals 
through their second gestation period to obtain data for a second parturition. 
Also, this provided an opportunity to obtain lactation data. 

Seventy-eight heifers (24 Holst eins, 24 Ayrshires, 18 Guernseys, and 
12 Jerseys) were started on the experiment and 50 of these animals (18 
Eeeeived for publication March 31, 1944. 

1 Seientifie Article No. A78, Contribution No. 1933 of the Maryland Agricultural Ex- 
periment Station (Bepartment of Dairy Husbandry). 
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Hoist eilis, 18 Ayrsliires, 8 Guernseys and 6 Jerseys) were continued tliroiigh. 
tlie second gestation period. lYlien placed on the experlmeiitj the heifers 
were paired according to breed, age, size and i^revioiis growth data. For 
the most part, the heifers of each pair were paternal half-sisters. They were 
free of Imowii diseases and were examined for any genital abnormalities 
before breeding. All heifers were bred to freshen at 27 to 30 months of age. 

The heifers received U. S. No, 2 cdover hay and corn silage in amounts 
that would be readily consumed each day. They received no pasture. In 
addition, four pounds of a concentrate mixture containing approximately 14 
per cent total protein were fed to each heifer daily. The grain mixture "was 
as follows : 

600 lbs. yellow cum meal 
600 lbs. ground oats 
500 lbs. wheat bran 
250 lbs. linseed meal 
30 lbs. steamed boiiemeal 
20 lbs. salt 

Heifers on the help ration received the same mixture to which was added 
four per cent kelp meal. The amount of concentrates fed was increased 
before eaiving, depending npon the physical condition of the individual 
heifer. About tw’'o weeks before calving a mixture of ground oats and wheat 
bran was substituted for the regular concentrate mixture. Four per cent 
of kelp meal -was added to the oats and bran for the animals in that group. 

During lactation, a grain mixture containing 16 to 18 per cent total pro- 
tein was fed. This mixture contained one per cent each of boneineal and 
salt. Four per cent of kelp meal was added to this mixture for the kelp-fed 
cows. The amount of grain fed to each cow was adjusted weekly on the basis 
of production during the preceding 'week. Grain was fed at the rate of 1 
pound to each pounds of milk produced for Ayrsliires and Holsteins and 
1 pound to each 3 pounds of milk produced for Guernseys and Jerseys. 
Roughages consisted of U. S. No. 2 leafy alfalfa hay and corn silage. The 
cows were fed all they would consume readily of these roughages when fed 
twice daily. No pasture was available. All feeds were weighed and refused 
feed wms accounted for in order to determine whether kelp meal had any 
effect on feed consumption. 

RESULTS 

Beprodtictmi. Growth and reproductive data are presented in table 1 
for all heifers through the first gestation period. 

As noted in table 1, gains in liveweiglit for both groups of heifers were 
practically equal, showing no advantage to either ration in this respect. 
Likewise, no favorable effect of kelp meal is shown in breeding efficiency , 
In the control group, 1.46 services were required for each conception, -while 
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1.86 services per eoiiceptioii were required hy the heifers receiving kelp. 
Sixty-five per cent of the control heifers conceived on the first service as com- 
pared with 54 per cent for the kelp animals. 

There were two abortions in each group, five eases of retained placenta 
in the control group and two in the kelp group, and two heifers from each 
group were discarded as non-breeders. All of these non-breeders showed 
genital abnormalities which could not be attributed to the rations being fed. 
If an animal failed to carry her calf 260 days it was considered as an abor- 
tion. 

Eliminating the animals which aborted, there were no differences in 
length of gestation between the two groups. No significant differences were 


TABLE 1 

Growth wnd 'breedbig data on heifers throvgh first gestation 


. 

Control 

ration 

Kelp 

ration 

Number of animals 

39 

39 

Average daily gain (lbs.) 

1.05^ 

1.03* 

SeiTiees per coneeption 

Service at ivbicli conception occurred: 

1.46^ 

1.86* 

First (%) i 

(35 

54 

Second (%) i 

30 

22 

Tliird or more (%) ’ 

5 

24 

Lengtli of gestation (davb) 

276.5t ^ 

275.9t 

Abortions 

9 

o 

Retained placentas 

5 

o 

Non-breeders 

2 

2 

Av. deviation in ivt. of calves at birth from normal (lbs.) 

- 3.34 

1 -1.09 

Physical condition of calves at birth 

29 Good 

30 Good 


4 Fnir 

5 Fair 


0 Tliin 

0 Thin 


2 Poor 

1 0 Poor 


* Does not incliifle 2 animals from caeli group discarded as non-breeders, 
t Does not include 2 animals from each group that aborted and 1 animal from control 
group for wliicli date of service was not recorded. 


noted ill the condition of calves at birth, except that two small, Aveak calves 
WTre born in the control group. The average birth weights of the calves 
slightly favored the kelp-fed group. The normal birth weights used for 
comparison were those of Morrison (5). Weights below normal were to be 
expected since they were all from first calf heifers. 

Wliile the data on services required for conception tend to favor the con- 
trol group, the number of abortions was the same in both groups and the 
pihysieal condition of the calves at birth gives a small advantage to the kelp- 
"fecl group. Such differences are not great enough to be significant. 

After part of the heifers had calved and were taken off the experiment, it 
was decided to continue the remaining animals on through their second 
gestation. This allowed the feeding of kelp through two consecutive gesta- 
tion periods and makes it possible to study the effect of continuous feeding 
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of kelp meal. Such data are available on 25 pairs of animals and a com- 
parison of the results for the first and second calvings is given in table 2. 

When the results of the second gestation and calving period are compared 
vrith those of the first, no improvement is observed in breeding efficiency of 
the kelp-fed animals. Services per conception remained about equal for the 
second gestation as compared vitli the first and the physical condition of the 
calves at birth was essentially the same. The size of calves at birth was 
slightly lower on the kelp ration than on the control ration at second calving. 
At first calving, the reverse was true. 

TABLE 2 


ConiparisoB of hneding records hefween first and second gestations 



Control ration 

Kelp ration 


First 

gestation 

Second 

gestation 

First 

gestation 

Second 

gestation 

Number of aiilinals 

25 

25 

25 

25 

Services per conception 

Service at whicli conception oc- 
curred : 

1.56 

2.20 

1.92 

1.96 

Tirst (%) 

60 

52 

56 

44 

Second (%) 

32 

8 

20 

28 

Third or more (%) 

8 

40 

24 

28 

Length of gestation (days) 

276.9 

278.8^ 

275.3 

277.7* 

Abortions 

0 

■ 4 

0 

3 

Retained placentas 

1 

o 

1 

4 

Non-breeders 

Av. deviation in wt. of calves at 

0 

0 

0 

0 

birth from normal (lbs.) 

Physical condition of calves at 

-1.08 

-f 5.68t 

0 

+ 4.86 

birth 

24 Good 

0 Fair 

0 Thin 

1 Poor 

21 Good 

0 Fair 

0 Thin 

0 Poor 

21 Good 

4 Fair 

0 Thin 

0 Poor 

20 Good 

2 Pair 

0 Thin 

0 Poor 


* Does not include 4 animals in control group and 3 animals in kelp group that 
aborted. 

t Includes a pair of twins in control group. 


The number of cases of retained placenta increased for the second cahiiig 
as compared with the first calving for the kelp-fed animals. Also, there was 
a higher number of abortions in both groups. It is highly questionable if 
these abortions should be attributed to the experimental rations. The Uni- 
versity herd has been free from Bang’s disease, trichomoniasis and other 
genital infections, but an unusually large number of abortions occurred in 
the entire herd during the progress of this investigation. Apparently these 
abortions have been due to some other cause as yet undiscovered. It is 
worthy of note, however, that whatever the cause be it was not improved 
by the addition of kelp meal to the ration. 

Milk product mi. Lactation and feed records were kept for the first 305 
days, except in a limited number of eases where the animals went dry before 
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milking* that long. After the cows were dried off they were changed to the 
eoiieeiitrate mixtures fed the heifers. 

Feed coiisimiption and lactation data are presented in table 3. 

These records show no consistent differences which can he attributed to 
the rations fed. While a slightly higher production was obtained from the 
cows on the control ration, when the variability is considered, this difference 
is not significant and probably can be accounted for on the basis of indi- 
viduality of the animals. 

The addition of kelp meal had no stiiiiulating effect upon appetite since 
feed consumption was essentially the same on both rations. The feed re- 

TABLE 3 


Average millc productioii and feed consinnpihn during lactation 



Control 

ration 

Kelp 

ration 

Numlier of animals 

25 

25 

Av. age at freslieiiiiig f'vrs.') 

2.47 

2.51 

Changes in liveweight (lbs.) 

44.9 

-f-78.4 

Length of lactation (days) 

303.5 ! 

303.4 

Milk production (lbs.) 

8076.2 

7537.6 

Fat percentage 

4.01 

4.14 

Fat (lbs.) 

323.8 

312.2 

4% fat-corrected milk (lbs.) 

8086.9 

7698.2 

Grain consumption (lbs.) 

2487.6 

2338.4 

Silage consumption (lbs.) 

9116.3 

9170.3 

Hay consumption (lbs.) 

2887.2 

2785.4 

Grain per ewt. 4% F. C. M. (lbs.) 

30.8 

30.4 

Silage per cwt. 4% F. C. M, (lbs.) 

112.7 

119.1 

Hay per cwt. 4% F. C. M. (lbs.) 

35.7 

36.2 


quired to produce 100 pounds of four per cent milk was almost identical for 
the two rations. 

Growth during lactation, as measured by changes in liveweighi:, slightly 
favors the kelp ration, but the difference is not significant. 

At no time during the progress of this investigation was it possible to 
detect any eonsisteht differences in physical appearance of the animals on 
the two rations. Both groups maintained a good, thrifty condition. 

DISCUSSION 

These results do not show any special health or growth benefits from the 
addition of four per cent kelp meal to the grain mixtures of dairy heifers 
and cows. The normal ration contained steamed bonemeal as a source of 
calcium and phosphorus. It is possible, of course, that if the control ration 
had been very low in mineral content, deficient in phosphorus, calcium 
or iodine, the results might have been more favorable to kelp meal. The pri- 
mary objective, however, was to determine if the trace or rare minerals eon- 
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Taiued in kelp would sliow any benefits after feeding* for an extended period 
of time over tliose obtained from feeding rations geuertilly considered satis- 
factory and containing the simple supplements, salt and boiiemeal. 

In some cases, elaiiris liave been made that beneficial results from kelp 
were not obtained because it was fed for an insufficient length of time. Be- 
cause of this the experiment was continued through the second gestation and 
it would seem that 30 months of continuous feeding of kelp meal at the rate 
of four per cent in the grain mixture is sufficient for any effects to show up. 
It is appreciated that kelp and other marine products furnish iodine, and in 
sections where a deficiency of iodine manifests itself, the results might have 
been slightly different. Also, it is kno^vn that the iodine content of milk 
may be increased by feeding products rich in the mineral element. How- 
ever, the results of this investigation confirm those previously reported in 
showing no benefits from adding kelp to well balanced rations for dairy 
heifers with respect to growth, breeding efficiency, and milk production. 

SUMMARY 

Feeding experiments have been completed with 39 pairs of heifers to 
determine the value of adding kelp meal to dairy rations. Kelp meal was 
fed at the rate of four per cent of the concentrate mixture to one animal of 
each pair. 

ITiider the conditions of this investigation, the addition of kelp meal to 
normal rations for dairy heifers showed no particular benefits for growth, 
breeding efficiency, general health, physical condition, appetite, and size and 
condition of calves at birth. 

Continued feeding of kelp meal through a second gestation slioived no 
favorable effects on breeding efficiency, feed consumption, and milk pro- 
dnetioiL 
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EFFECT OF COLOSTRUM OX THE VITAMIN A AND CAROTENE 
CONTENT OF BLOOD PLASMA OF NETY-BORN CALVES^' 


L. A. MOORE AXD M. H. BERRY 
Department of Dairy Hnshandry, Vniversity of Maryland 

Tlie literature on colostrum from tlie standpoint of tlie protection it 
affords tlie young by immunization against certain types of infections lias 
been amply reviewed by Rogers and associates (8). Colostrum, however, 
contains vitamins and possibly many other substances which are necessary 
for the proper health of the new-born. Dann (1) found the vitamin A con- 
centration in colostrum may be 10 to 100 times greater than in later milk 
from the same cow. He states ‘‘on the first clay of life a calf receives sup- 
plies of vitamin A greater than the later milk could give in 20 to 50 days. ’ ' 
Stewart and McCalluiii (12) found the vitamin A content of colostrum 
varied from 35 to 1181 I.U. per 100 ml. in samples collected from 100 cow’S. 
By the third or fourth day the amount of vitamin A is 1/10 to 1/20 that 
taken immediately after partuxition. Semb and associates (9) found the 
carotene and vitamin A content of butterfat prepared from colostrum -was 
from 5 to 15 times that of fat from ordinaiy milk. They emphasized the 
importance of colostrum to build up the vitamin A stores in new-born calves. 
Kramer and co-woi"kers (3) repoiTed values of 25 and 28 International Units 
of vitamin A activity per gram of colostrum for two cows receiving rye pas- 
ture and values of 16 and 20 International Units for two cows on iviiiter 
rations. 

Stewart and McCallum (14) -were unable to increase the vitamin A con- 
tent of colostrum by feeding 3 lbs. of carrots or 1/7 pint of codliver oil per 
day to cows on winter feed. These same authors (13) also made an exten- 
sive study of the correlation between the incidence of white scours in calves 
and the Mtamin A content of the colostrum. In 83 calves which received 
colostrum containing more than 250 blue units of vitamin A, 10.8 per cent 
developed wdiite scours or allied infections; wdiereas, in 28 calves wliich 
received colostrum eontaining less than 250 blue units of vitamin A, 25 per 
cent developed white scoui'S or allied infections. 

The effect of the intake of colostrum on the vitamin A and carotene con- 
tent of the blood plasma of calves has not been wddely studied. Phillips, 
Limdquist, and Boyer (7) have reported data on a few calves. Luiidqiiist 
and Phillips (4) reported data on 45 calves on blood samples drawn at birth, 
the first, second and seventh days. * 

Received for publication April 3, 1944. 

* Scientific Paper No. A79, Contribution 1935 of the IVlaryland Agricultural Experi- 
ment Station (Department of Dairy Husbandry), 
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Because of tlie practical importance of colostrmii to tlie new-born and 
because all the factors concerned have not been evaluatedj it was decided 
to study the effect of colostrum intake on the vitamin A and carotene content 
of blood plasma of new-born calves. The results of the study are reported 
herein. 

EXPERIMBNTAIi 

Blood samples were drawn from calves dropped in the University of 
Maryland herd of the Holstein, Ayrshire, Jersey and Guernsey breeds before 
sucking- and for each day thereafter for one week. Plasma vitamin A and 
carotene determinations were made according to a previously published 
procedure (5) modified as suggested by Kimble (2). The calves were left 
with the cow for 3 days and thereafter received whole milk at the rate of 
about one pound for each 10 pounds of live weight. 

Colostrum was withheld from 3 calves in order to study the effect on the 
vitamin A and carotene content of the blood plasma. Whole milk was fed 
in place of the colostrum. Three calves were permitted to receive colostrum 
for only 12 hours and three for 24 hours. 

RESULTS AND DISCUSSION 

The main results have been summarized in table 1- along with the stand- 
ard error for each set of averages. The results show that the blood plasma 
of a new-born calf is low in vitamin A and carotene. A calf with similar 
low values at 3 to 12 months of age wmild show a marked deficiency and 
would not be able to survive. This might indicate a considerably greater 
requirement for vitamin A after birth than while being carried in utero. 
It could be argued that the calf carried in utero has no vitamin A require- 
ment. This line of reasoning, however, is not valid because the same pathol- 
ogy is produced in utero if the dam is fed a deficient ration as is produced 
in vitamin A deficiency in a growing calf after birth. 

After 24 hours the vitamin A content of the plasma increases four to 
fold as would be expected because of the high vitamin A content of the 
colostrum. A maximum is usually reached at the third to fourth day after 
Avliich there is a gradual decline. The decline is due to the fact that the 
calves are removed from the cow on the third day and fed whole milk Avhich 
is loAver in vitamin A. It seems likely, hoAvever, that the same decline would 
be noted even though the calves were left on the coav since by this time the 
secretion from the udder assumes the characteristics of whole milk. These 
(lata are in agreement Avith those reported by Lundquist and Phillips (4) in 
respect to the effect of colostrum on the vitamin A content of the blood 
plasma of new-born calves. 

The data also show no particular breed variations in the vitamin A con- 
tent of the blood plasma on comparable days. This would indicate that the 
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Mjfect of coUhstrum on hlood plasma vitamin. A and mrotvnc of calves for the first week 
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supposedly greater difficulty of raising Jersey and C4iieriisey calves does not 
lie ill the vitamin A metabolism during the first week of life. 

Tlie carotene content of the blood plasma of calves shows somewhat the 
same trend of increase as the vitamin A except here there are marked breed 
differences. The carotene is iniieh higher for the Jersey and Guernsey 
breeds than for the Holstein and Ayrshire breeds. In this eoniiection an 
Ayrshire calf 12 hours of age was placed on a Guernsey cow which had just 
freshened. The carotene values of the blood plasma of the Ayrshire calf 
Oil the Guernsey cow then assumed the high values noted for the Guernsey 
calves. This would indicate that the breed differences in the carotene con- 
tent of the blood plasma of calves of this age was due to the carotene content 
of the eoiostriiiii of the breed and possibly not to differences in carotene 
metabolism in the calf as is true a little later in the growth xieriod (6). 


. TABLE 2 

Vita min A and carotene content of Mood plasma of calves wliicli did not 
respond to colostrum 


Age, 

diivs 

GiieriisG} 

female* 

Ayrshire female t 

Holstein female t 

Vitamin A 

Carotene 

Vitamin A | Carotene 

Vitamin A 

Carotene 




mi crop rams per 100 ml. 



0 

3.3 

4.0 

2.7 1 1.0 

1.2 

2.0 

1 

3.3 

6.0 

2.1 i 1.0 

2.1 

2.0 

2 

3.3 : 

; 5.0 

i 2.7 : 1.0 



3 

3.3 

5.0 

0.6 1 1.0 



4 

2.1 

4.0 

i 

i __ _ - 


5 

i 1.3 

2.0 

1 

i 


6 

1 2.1 

j 4.0 

i 

i .... : 


7 

2.1 

4.0 

i 




* Died at 13 days of age. 
f Died at 4 clays of age. 
% Died at 2 days of age. 


It should be noted here that there were marked differences between calves 
of the same breed. These differences are probably related to the extreme 
variations previously noted in the vitamin A content of eolostrum (1, 9. 12), 
These variations in eolostrum might be of considerable practical importance 
since calves receiving eolostrum of a low vitamin A value wuuld not be able 
to build up their vitamin A reserve. Stewart and Me Galium (12) noted 
that the longer the dry period the higher the vitamin A content of the 
eolostrum. In three extreme eases the vitamin A and carotene values in- 
creased but little above the original values as shown in table 2. All of these 
calves died. Whether these observations ivere due to colostrum of poor 
quality or to an infection of the digestive tract which prevented absorption 
of vitamin A w^as not determined. It is possible that where the colostrim 
is low in vitamin A it might also be low in its content of immunizing bodies 
which the iiew-borii calf needs in its defense mechanism against certain bac- 
teria. This point would seem worthy of investigation. 
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TABLE 3 

Effect on tlood plasma vitamin A and carotene of withholding colostrum 


Age, 

clays 

1 Holstein male | 

Holstein male* 

Guernsey male! 

1 Vitamin A 

Carotene i 

Vitamin A 

Carotene 

Vitamin A 

Carotene 

•m icrogra ms per 100 m 1. 

0 i 

\ 2.7 

1 2.0 

! 0.6 

1.0 

3.6 

1 4.0 

1 

3.0 

! 3.0 

! 1.8 

1.0 

3.9 

1 4.0 

2 

3.3 i 

4.0 

i 1.5 

3.0 



O 

o 

f 3.9 

I 6.0 

! 3.9 

5.0 



4 

6.0 : 

! 8.0 

! 1.8 

4.0 

i 


5 

4.6 ; 

6.0 1 

1 1.2 

9.0 

t 


6 

4.5 1 

i 8.0 i 

i 3.0 

7.0 



7 

6.9 

10.0 i 

1 

1 2.7 

9.0 




* Died 10 days of age* 

t Sick at 2 days of age. Died at 3 days of age. 


"Wlieii three calves ivere not permitted to take colostrum but were fed 
whole milk instead, the blood plasma vitamin A and carotene values re- 
mained at a low level as shown in table 3. Two of these calves died, one at 
three clays of age and one at ten days of age. This cheeks the observations 
of Smith and Little (10) who found that calves receive certain immune 
bodies from the colostrum to protect them against certain types of infection. 
One might be led to the eonelusioii that vitamin A also played some role in 
this regard since the vitamin A content of the blood plasma remains at a 
low level as shovm in table 3. However, Smith and Little (11) also showed 
that the injection and ingestion of 200 to 300 ml. of cow serum prevented 
these early deaths when colostrum was withheld. It does not seem likety 
that the intake of this amount of serum would have any^ great effect on the 
level of blood plasma vitamin A or carotene. In studies with new-born 
calves the possible effect of these immunizing bodies on the health of the calf 
should not be overlooked in the interpretation of data related to nutrition. 

The limited results from tables 4 and 5 indicate that the calf does not 
usually receive the full benefit from the colostrum in so far as vitamin A 

TABLE 4 


Effect on Mood plasma vitamin A and carotene of removing calf from com after 12 hours 


Age, 

days 

Guernsey male 

Holstein male 

Guernsey male 

Vitamin A 

Carotene 

Vitamin A 

Carotene 

■Vitamin K 

Carotene 


micrograms per 100 mh 

0 

2.7 

9.0 

1.5 

2.0 

2.4 

8.0 

1 

8.1 

27.0 

10,5 

16.0 

12.0 

68.0 

2 

7.8 

26.0 

12.0 

21,0 

13.5 

79.0 

3 

5.7 

19.0 

9.9 

25.0 

7.2 

78.0 

4 

7.8 

26.0 

9,9 

23,0 

9.0 

82.0 

5 

3.3 

11.0 

9.0 

23.0 

9,3 

76.0 

6 

6.6 

22.0 

8.7 

23.0 

6.9 ' 

72.0 

7 

6.6 

23.0 

9.6 

23.0 

4.7 

69.0 
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is concerned wlien removed from the dam at 12- and 24-lioiir periods after 
birtli as indicated by the vitamin A values of the blood plasma when com- 
pared to the averages presented in table 1. The best practice would be to 
leave the calf with its dam for at least 3 days so as to take full advantage 
of the high vitamin A content of the colostrum unless of course the colostrum 
is hand-fed. 

The intake of colostrum probably gives the new-born calf a chance to 
build up a considerable reserve of vitamin A in the liver. If the calf does 
not receive the colostrum, that reserve is not built up and may have consid- 
erable to do with the health of the calf during the first few months of life 
before hay is consumed to any great extent. 

TABLE 5 


Effect on Iflood plasma vitamin A and carotene of removing calf from cow after 34 hours 


Age, 

days 

Holstein male 

Guernsey male 

Holstein male 

Vitamin A 

Carotene 

Vitamin A 

Carotene 

Vitamin A j 

Carotene 

micro grams per 100 ml. 

0 

i S.6 

2.0 

2.1 1 

4.0 


1.0 

1 

19.5 

18.0 

6.8 ' 

23.0 

13.5 

3.0 

2 

22.5 

22.0 

7.5 

43.0 

10.8 

6.0 

3 

15.0 

22.0 



12.0 

10.0 

4 

9.5 

19.0 

6.6 

37.0 

9.3 

14.0 

5 ! 

13.5 

15,0 

7.0 

39.0 

10.5 

10.0 

6 ' 

15.9 

15.0 

7.5 

38.0 

7.2 

8.0 

7 

7.7 

15.0 

9.9 

38.0 

12.0 

9.0 


The colostrum milk on most dairy farms is discarded since it cannot be 
included in milk sold for market purposes. This would appear to be most 
wasteful of a large amount of vitamin A and many other factors necessary 
for the health of calves. Studies should be made to determine whether this 
milk could be mixed with the whole milk fed with some possible benefit to 
the calves being raised in the herd. 

SUMMARY 

1. The vitamin A content of the blood plasma of dairy calves at birth 
was low but at the end of 24 hours usually showed about a 5-fold increase 
until the intake of ^ colostrum. 

2. Maximal vitamin A and carotene values were attained at about three 
days of age after which there was a gradual decline. 

3. There was no marked difference between breeds in the vitamin A con- 
tent of the blood plasma at comparable ages ; however, the carotene content 
of the blood plasma of the Jersey and Guernsej^ breeds was three to four 
times higher than for the Holstein breed. 

4. In three eases neither the plasma vitamin A nor carotene values 
showed an increase even though the calves apparently consumed the colos- 
trum. These calves died from infection. 
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5. In three eases where the colostrum was withheld and whole milk was 
fed, the plasma vitamin A and carotene content showed very little increase. 
Two of these calves died of infection. 

6. The plasma vitamin A and carotene values did not reach the niaxiiiinin 
values where the calves w’ere removed at 12 and 24 hours after birth. 

7. The intake of colostrum probably gives the calf a chance to build up 
a considerable reserve of vitamin A in the liver. If the calf does not receive 
the colostrum, that reserve is not built up and may have considerable to do 
with the health of the calf during the first two months. 
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THE EFFECT OP STORAGE ON THE RETENTION OP CERTAIN 
MEMBERS OF THE VITAMIN B COMPLEX* 
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From the Bepartmeiit of Biochemistry^ College of Agriculture^ 
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Considerable work lias been done on tlie stability of carotene under stor- 
age on siieh plant products as alfalfa, eloyer, timothy hays, alfalfa leaf 
meal, ete. With the eYer-increasing knowledge of the role of the B complex 

TABLE 1 
Thiamine 


Xo. 

Material 

New material, | 
fall— 1942 I 

1 

One year 
storage, 
ground 

One year 
storage, 
unground 



milligrams per 100 grams 

1 

Alfalfa hay 

0.23 

0.23 

0.23 

o 

Timothy hay 

0.17 

0.19 

0.17 

0 

Clover hav 

0.14 

0.19 

0.18 

4 

Alfalfa leaf meal 

0.26 

0.21 

0.13 

5 

Cerophyll 

0.31 

0.41 

0.38 

(5 

Peas 

0.23 

0.23 

0.23 

7 

Pea pods 

0.24 

0.24 

0.25 

8 

Soybeans 

1.55 

1.56 

1.47 

9 

Yellow corn 

0.59 

0.54 

0.55 

20 

White corn 

0.43 

0.45 

0.42 

11 

Navy beans 

0.47 

0.54 

0.54 

12 

Oats — ^l^ieland 

0.57 

0.47 

0.46 

13 

Oats — Ped. No. 7 

0.43 

0.77 

0.42 

14 

Oats~N219-l* 

0.38 

0.39 

0.38 

15 

Oats-~CI 3662 

0.26 

0.26 

0.26 

16 

Oats — ^Erban 

0.38 

0.39 

0.36 

17 

Barley — Ped. 38 

0.61 

0.44 

0.48 

18 ' 

Barley — Ped. 5-1 

0.56 

0.59 

0.53 

19 

Barley— X191-2-l~2 

0.62 

0.66 

0.65 

20 

Rye — Imperial 

0.19 

0.22 

0.22 

21 

Rye — Dakold 

0.23 

0.27 

0.27 

22 

Rve — No. 7 

0.24 

0.25 

0.22 

23 

S.W.f— Pilot 13 

0.37 

0.45 

0.39 

24 

S.-W.— H157A-4-12-8 

0.36 

0.32 

0.26 

25 

S.W. — Thatcher 

0-37 

0,38 

0.35 

26 

S . W . — Sturgeon 

0.32 

0.28 

0.26 

27 

W. W. t — H59-1 3-9-5-7-12 

0.17 

0.18 

0.16 

28 

"W.W. — Minturki 

0,12 

0.14 

0.15 


_ 312.27 




29 

29.13 

0.22 

0.20 

0.24 


* The products that are followed by serial numbers are experimental varieties growui 
by the department of agronomy. 

t S.W. — Spring wheat. 

+ W.W,— Winter wheat. 

Received for publication April 21, 1944. 

* Published with the approval of the Director of the Wisconsin Agricultural Experi- 
ment Station. 
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ill luitrition, ^\OYk slioiild be carried out on tlie effect of storage on the reten- 
tion of these essential iiiitrieiits. 

Esperiinents conducted at the Iowa State College indicate that the 
thiamine content of ideallr-stored, whole yellow corn (3) does not appear to 
be affected by aging even as long as four years. Studies on rice also have 
indicated that this vitamin is quite stable during storage. Hulled rice (4) 

TABLE 2 
Sihoflavin 


Xo. 

Material 

New material, 
fall— 1942 

i 

One year 
storage, 
ground 

One year 
storage, 
ungroiind 



milligrams per 100 grams 

1 

Alfalfa hav 

0.56 

0.43 

0.44 

o 

Timothy hay 

0.54 

0.56 

0.51 

3 

Clover hay 

0.69 

i 0.56 

0.53 

4 

Alfalfa leaf meal 

1.67 

1.61 

1.62 

5 

Gerophyll 

1.67 

1.71 

1.70 

6 

Peas 

0.39 

0.42 

0.39 

7 

Pea pods 

0.63 

0.71 

0.64 

8 

Soybeans 

0.35 

0.30 i 

0.37 

9 

Yellow corn 

0.16 

0.18 

0.17 

10 

White corn 

0.15 

0.14 

0.13 

11 

Navy beans 

0.14 

0.14 

0.15 

12 

Oats — ^Vieland 

0.11 

0.14 

0.13 

13 

Oats— -Ped. No. 7 

0.33 

0.30 

0.32 

14 

Oats— X219-1* 

0.21 

0.26 

0.27 

15 

Oats— Cl 3662 

0.16 

0.20 1 

0.14 

16 

Oats — ^Erban 

0.19 

0.23 

0.16 

17 

Barley — Ped. 38 

0.15 

0.15 1 

0.14 

18 

Barley — Ped. 5-1 

0.22 

0.29 1 

0.20 

19 

Barley— X191-2-l~2 

0.26 

0.27 i 

0.29 

20 

Hye — Imperial 

0.18 

0.13 

0.21 

21 

Rye — ^Dakold 

0.28 

0.25 i 

0.23 

22 

Rve"^— No. V 

0.28 

0.26 ! 

0.26 

23 

8‘W.f— Pilot 13 

0.18 

0.18 

0.25 

24 

S.W.— H157A-4-12-8 

0.21 

0.24 

0.24 

25 

S.W. — Thatcher 

0.17 

0.17 

0.20 

26 

S.W, — Sturgeon 

0.18 

0.18 ■ 

0.20 

27 

W.W.t— H59-13-9-5-7-12 

0.18 

0.15 

1 0.20 

28 

W. W. — hfin tu rki 

0.13 

0.15 

' 0.20 


■ 312.27 




29 

29.13 

0.17 

0.15 

0.17 


* Tlie products tliat are followed by serial numbers are experimental varieties grown 
by the department of agronomy, 
t S.W. — Spring wheat. 
t W.W. — VVmiter wheat. 


stored in straw bags for four years retained most of its original thiamine 
content for the first two years, with a significant drop at the end of the third 
and fourth year. After storage in air-tight containers for 26-28 years, 
hulled rice (5) still retained 84 and 54 per cent of its original thiamine con- 
tent. Hulled rice (6) stored in hermetically sealed concrete silos for five 
years showed no appreciable depreciation in thiamine content. A moisture 
content of rice (7) greater than 10 per cent causes a decrease in the thiamine 
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content, and tiie loss of vitamin runs parallel with that of viability of the 
seed. 

Eibofiaviii seems to be quite stable. Fraps (S) reported that some alfalfa 
leaf meal which had been stored so long that almost all of the carotene had 
disappeared still had the same riboflavin content as is usually found in 
alfalfa leaf meal. 


TABLE 3 
}^icotinic acid 


No. 

Material 

New material, 
fall— 1942 

One year 
storage, 

One year 
storage, 



ground 

iingroimd 



milllgrmns per 100 grams 

1 

Alfalfa hay 

2.85 

2.75 

2.70 

2 

Timothy hay 

2.35 

2.00 

1.94 

3 

Clover hay 

2.85 

2.95 

2.70 

1 

Alfalfa leaf meal 

4.55 

4.30 

3.98 

5 

Cerophyll 

4.55 

4.76 

4.84 

6 

Peas 

3.70 

3.75 

3.41 

t 

Pea pods 

i 2.75 

2.44 

2.70 

8 

! Soybeans 

i 2.12 

1.80 

1.84 

9 

Yellow corn 

2.32 

2.45 

2.38 

10 

White corn 

2.36 

2.52 

2.38 

11 

Navy beans 

1.75 . 

2.07 

2.15 

12 

Oats — ^IHcland 

0.73 

0.76 

0.73 

13 

Oats — ^Ped. No. 7 

0.75 

0.84 

0.78 

14 

Oats— X219-1* 

0.65 

0.78 

0.68 

15 

Oats— 01 3662 

0.64 

0.68 

0.66 

16 

Oats — Erban 

0.59 

0.69 

0.71 

17 

Barley — Ped. 38 

4.45 

4.44 

4.69 

18 

Bariev — Ped. 5-1 

4.46 

4.44 

4.58 

19 

Barley— X191-2-1-2 

4.92 

4.89 

5.07 

20 

Eye — Imperial 

0.68 

0.69 

0.76 

21 

Eye — Bakold 

1.27 

1.03 

1.00 

22 

Eve— No. 7 

1.25 

0.75 

1.05 

23 

S.W. t— Pilot 13 

6.52 

6.73 

6,54 

24 ' 

S.W.— H157A-4-12-8 

4.52 

5,19 

4.90 

25 

S.W.— Thatcher 

6.28 

5.99 

5.64 

26 

S.W . — Sturgeon 

5.36 

5.76 

5.53 

27 

W.Wh H59-13-9-5-7-12 

4.36 

4.26 

4.77 

28 

W.W. — Minturki 

5.06 

4.40 

4.43 

29 

312.2/ 

29.13 

4.72 

4.53 

4.38 


* Tlie products that are followed by serial numbers are experimental varieties grown 
by the department of agronomy, 
t S.W. — Spring wheat. 
t W.W. — "Winter wheat. 

Douglass and Eiehardson (1) in 1930, found that the vitamin E (com- 
plex) in carrots was not affected upon storage. In a later paper by Eich- 
ardsoii, Langeiy and Andes (9) the same results were obtained. 

It is obvious from the above data that very little work has been done on 
this particular problem. 'With this in mind, the following experiments were 
carried out. Twenty-nine air-dried plant products were obtained from the 
1942 crop and assayed for riboflavin, thiamine, biotin, nicotinic acid and 
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pantotlienic aeid. Tlie remainder of the sample was divided into t%TO parts ; 
part one was ground in a small feed grinder and stored in paper bags ; part 
two was ungronnd but stored under similar conditions. After six months 
storage, at room temperature, 20-25° C., the samples were reassayed for the 
above members of the B complex. This process was repeated after one year 


TABLE 4 

Tantoihcnlc acid 


No. 

Material 

New material, 
fall— 1942 

One year 
storage, 

One year 
storage, 



ground 

unground 



milligrams per 100 g^'ams 

1 

Alfalfa bay 

1.58 

1.48 

1.49 

•7 

Timotby hay 

0.85 

0.65 

0.60 

i 

Clover hay 

1.00 

0.87 

0.80 

4 

Alfalfa leaf meal 

2.50 

2.30 

2.27 

5 

Ceropliyll 

0.69 

0.71 

0.74 

6 

Peas 

1.01 

0.99 

0.98 

7 

Pea pods 

0.99 

0.95 

0.95 

8 

Soybeans 

1.24 

1.01 

0.96 

9 

Yellow corn 

0.48 

0.42 

0.42 

10 

White corn 

0.48 

0.42 

. 0.42 

11 

Navy beans 

0.46 

0.40 

0.37 

12 

Oats — ^^^iclhnd 

0.76 

0.54 

0.52 

IB 

Oats — Ped. No. 7 

0.99 

0.64 

0.64 

14 

Oats— X219-1* 

0.65 

, 0.56 

0.56 

15 

Oats— Cl 3662 

0.54 

0.44 

0.48 

16 

Oats — Erban 

0.58 

0.60 

0.63 

17 

Barley— Ped. 38 

0.32 

0.32 

0.34 

18 

Barley — Ped. 5~1 

0.35 

0.29 

0.28 

19 

Barley— X191~2-l-2 

0.27 

0.30 

0.25 

20 

Eye — Imperial 

0.28 

0.26 

0.28 

21 

■ Eye — ^Bakold 

0.23 

0.26 

0.25 

22 

Eve — No. 7 i 

0.22 

0.33 

0.30 

h 1 

S.W.t— Pilot 13 

1.33 

1.35 

1.37 

24 ’ 

S.W.— H157A-4-12-8 

1.50 

1.46 

1.47 

25 

S.W.— Thatcher 

1.28 

1.56 

1.49 

26 

S.W. — Sturgeon 

1.23 

1.27 

1.19 

27 

W.W.^— H59-13~9~5-7-12 

1.20 

1.20 

1.26 

28 

W . W. — Minturki 

1.25 

1.32 

1.21 

29 

w.w. 

29.13 

1.17 

1 22 

1.33 


* Tlie products tliat are followed by serial numbers are experimental varieties grown 
by tbe department of agronomy, 
f S-W. — Spring wdieat. 
t W.W. — Winter wheat. 

of storage. Only the data on the effect of storage for one year are reported 
in this paper. At six months storage no change had taken place. 

EXPERIMENTAL 

The samples were first prepared for assaying by grinding in a Wiley 
mill. DiflSenlties were encountered in grinding sneh seed products as wheat, 
rye and oats. It was practically impossible to grind the outer coatings so 
the only part of the sample that was assayed was that portion which came 
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tliroiigli a 40-iiLesii sieve. Using the above procedure the results were very 
low, particularly in relation to meotinie acid and pantothenic acid. It was 
found that if the samples were ground in a small feed grinder, without siev- 
ing, the results cheeked very well with previous reports. All of the subse- 
quent samples %vere prepared by grinding in the small feed mill. 

TABLE 5 


Biotin 


Xo. 

Material 

New material, 
fall— 1942 

One year 
storage, 
ground 

One year 
storage, 
unground 



in HU micro grams per gram 

1 

Alfalfa hay 

127.8 

179.0 

174.0 

.•> 

Timothy hay 

32.0 

65.7 

66.7 

3 

Clover iiay 

77.0 

94.0 

89.0 

4 

Alfalfa leaf meal 

245.0 

330.0 

347.0 

5 

Cerophyll 

155.0 

285.0 

269.0 

d 

Peas 

224.0 

205.0 

209.0 

1 

Pea pods 

241.0 

219.0 

228.0 

S 

Soybeans 

356.0 

385.0 

373.0 

9 

Yellow corn 

54.6 

77.0 

85.0 

10 

tVIiite corn 

73.0 

80.0 

80.0 

11 

Xavy beans 

76.3 

120.0 

112.0 

12 

Oats — ^Vieland 

207.0 

251.0 

269.0 

13 

Oats — Ped. Xo. 7 

141.3 

287.0 

296.0 

14 

Oats--X219-l^ 

175.0 

281.0 

320.0 

15 

Oats — Cl 3662 

158.7 

294.0 

331.0 

16 

Oats — Erban 

319.0 

301.0 

231.0 

17 

Barley — Ped. 38 

79.6 

231.0 

231.0 

IS 

Bariev — Ped. 5-1 

106.3 

97.0 

97.0 

19 

Barley— X191-2-1-2 

111.0 

81.0 

101.0 

20 

Bye — Imperial 

59.8 

77.4 

83.9 

21 

Eye — ^Bakold 

61.1 

70.0 

74.2 

22 

Bye — No. 7 

65.1 

60.0 

63.0 

23 

S.W.f— Pilot 13 

69.6 

80.8 

83.9 

24 

S.Wh— H157A-4-12-8 

44.0 

140.0 


25 

S.W. — Thatcher 

25.6 

81.0 


26 

S.W. — Sturgeon 

36.6 

130.0 

132.0 

27 

W.W.t— H59-13-9-5-7-12 

65.0 

80.0 

92.0 

28 

W. W. — Mintu rki 

59.5 

70.6 

83.0 


312 27 




29 

2..i3 

68.9 

73.0 

64.0 


* The products that are followed bj serial numbers are experimental varieties grown 
1 w the department of agronomy, 
f S.W. — ^Spring wheat. 
t W.W. — ^Winter wheat. 

Each sample was assayed for the following members of the B complex 
according to the accepted procedures: riboflavin (12-14:), pantothenic acid 
(15), thiamine (2), biotin (10-11), and nicotinic acid (8-13). 

RESULTS 

It is. evident from the tables that no losses are encountered in these five 
members of the B complex upon storage. Of course, the year period of 
storage may not have been long enough, but w^e feel quite sure that under 
natural storing eonclitions these members of the B complex are stable. 
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It slioiild he observed from the tables that in the ease of biotin tbe values 
are liiglier after storage tbaii in tbe original product. Tliis can be explained 
by the fact that the original medium used for the assay was not complete. 
A factor obtained from yeast, essential for the growth of the bacteria, was 
not supplied in sufficient amounts. The latter analyses were made under 
the modified method (11). 

SUMMARY 

Twenty -nine samples of plant products including hays and grains were 
assayed for thiamine, riboflavin, biotin, nicotinic acid and pantothenic acid. 
These samples were stored in the dark at 20-25® 0. for one year, ground 
and unground, with no apparent loss of the vitamins mentioned above. 
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TESTING- FOB EXTEANEOUS MATTER IN CHEESE* 


EAYMOND MIERSGH and -WALTBE T. PRICE 
Universitif of Wiscoyisbif Madison 

The cheese sediment test is intended to detect cheese made from nneieaii 
milk or cheese made under unsanitary conditions or both; and, second, to 
demonstrate to milk and cheese producers the necessity of strict cleanliness. 
There is a limiting factor which may interfere with the effectiveness of the 
test and may actually make it a deceiving instrument. When the milk is 
efficiently filtered or clarified in the factory then a clean cheese sediment 
test is not necessarily indicative of a satisfactory milk supply. 

It is general practice in the industry to inspect cheese sediment tests and 
to classify them according to certain arbitrary standards. The grades gen- 
erally used are Good, Fair, Poor and Illegal and are numbered 1, 2, 3 and 4, 
respectively, to correspond, presumably, with the four grades of milk sedi- 
ment tests commonly recognized in iniUv manufacturing areas.^ Milk sedi- 
ment tests are classified only by amounts of sediment visible to the unaided 
eye but cheese sediment tests are also examined microscopically for material 
of insect or animal origin before the tests can be properly classified. 

METHODS OF MAKING TESTS FOR EXTRANEOUS MATTER IN CHEESE 

Two procedures are commonly used for testing cheese for extraneous 
matter; one test requires sodium citrate (2) as a solvent while the other 
employs orthophosphoric acid (3). A third test wus developed by Dr. 
Chernoff in the Denver Station of the Pood and Drug Administration (1) ; 
it has not found application in commercial practice. A modification of the 
sodium citrate test is probably most commonly followed at present. 

It is our purpose to discuss the commonly used tests and some of the 
problems of interpreting and applying them in commercial practice. In 
table 1 are shown the essential characteristics of the phosphoric acid test 
and the original and modified forms of the sodium citrate tests. 

The sediment discs from the test are graded macroscopically and are 
examined with a low-power microscope to detect the presence of critical 
foreign matter of animal or insect origin. 

It is impossible to identify or even to discover some types of critical 
extraneous material, such as fine hairs, for example, without some magnifica- 
tion. This fact is illustrated by a series of 1,102 extraneous matter tests. 

Received for publication April 22, 1944. 

* TMs study was made possible by an industrial fellowship granted by the ISTational 
Cheese Institute. 

^ The State of Illinois, Division of Poods and Dairies, 228 South Wabash Avenue, 
Chicago, Illinois, published a pamphlet in 1942 which illustrates both milk sediment and 
cheese sediment standards of this type. 
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Tlie tests were first examined carefullT wfitli tlie naked eye and 9 of them 
were given a grade of 4, a grade which is an indication of excessive quantities 
of extraneous material or the presence of critical material such as rodent 
hair, cow hair or insect parts. When the same 1,102 tests were examined 
with 85 X magnification 481 sediment pads were graded 4. Visual inspection 
of cheese sediment tests must alw^ays be supplemented with mieroscopic ex- 
amination if the test is to serve its fullest usefulness in identifying and cor- 
recting sources of contamination. 


TABLE 1 


Methods of detecting extraneous matter in cheese 



Methods 


Original 
sodium citrate 

Modified 
sodium citrate 

Phosphoric 

acid 

1. Size of sample 

2. Type of solvent ... 

3. Strength of sol- 

vent 

4. Amount of sol- 

vent 

100 gin. 

Sodium citrate 

150 gm. in 1000 ml. 

of water 

300 ml. 

225 gm. (8 oz.) 
Sodium citrate 

100 gm. in 1000 ml. 

of water 

800 ml. 

50 gm. 

Orthophosphoric 

acid 

7 ml. in 1000 ml. of 
water 

500 ml. 

5. Solvent contact be- 

fore heating 

6. Temperature of 

heating 

7. Duration of heat- 

ing 

8. Agitation 

None 

140^ F. 

About 30 min. 

Vigorous 

Overnight 

150° F. 

About 45 min. 

Vigorous 

None 

Boiling 

Until dissolved 

Occasional 

9. Filter disc 

Reversed 1^" milk-sediment disc 

li" Irish poplin 
disc* 

10. Filtering surface 
of disc 

One-inch circle 

One-inch circde 

One-inch circle 

11. Filtering device ... 

Pressure or vacuumatic milk sediment tester 


* The Irish poplin is used oxer a milk sediment pad. 


USING THE MICROSCOPE TO ESTIMATE THE AMOUNT OP EXTRANEOUS 
MATTER ON SEDIMENT DISCS 

The idea of grading sediment pads by numbers of particles of extraneous 
matter was investigated. For counting particles of extraneous matter a low^- 
power, binocular microscope was used; its three objectives provided magni- 
fications of 21.2, 42.5 and 85 diameters. A jig for holding a sediment pad 
was placed in the clamps of the mechanical stage so that it was possible to 
examine the entire surface of the pad systematically in a minimum of time. 
The actual counting operation was facilitated by the use of a reticule 
in the eyepiece of the binocular that was ruled into squares and served to 
mark ojff the boundaries of a definite area of the microscopic field ; this area 
wa;S measured- The known area of the filtering surface of the sediment pad 
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dlTided by tlie measured area in tlie microscopic field gave a factor viiicli, 
Avbeii multiplied by tlie average count per field, gave an estimate of the num- 
ber of particles on the sediment pad. The average count of particles per 
field was based upon the counting of appi*oximately 20 fields. 

Experiments, wiiich need not be described in detail, showed that macro- 
scopic grades are related to numbers of particles but the labor involved does 
not justify microscopic counting for commercial grading. The method was 
very useful in some phases of this study. 

FILTERING MATERIALS FOR EXTRANEOUS MATTER TESTS 

Careful microscopic examination of the reversed, milk-sediment discs 
indicated that short segments of hairs and fine particles of extraneous matter 
may become so deeply imbedded even in the compact side of the discs that 
undoubtedly some must escape detection altogether. Irish poplin was found 

TABLE 2 


Comparison of the retaining poiver of the reversed milk sediment disc 
and Irish poplin disc 


Sample 

Solvent 

Number of r>artieles from 

50 grams of cheese 

Ratio of counts on the 
tvo types of sediment 
discs 

number 

Irish poplin 
disc 

Milk sediment 
disc 

1 

Acid 

7812 

1220 

(poplin : milk disc) 

6 : 1 

0 

Acid 

18648 

1465 

i 13 : 1 

3 

Acid 

16632 

1720 

10 : 1 

4 

Citrate 

6552 

722 

9 : 1 

5 

Citrate 

16632 

2oio 

8 : 1 

6 1 

Citrate 

14868 

2210 

7 : 1 

7 1 

Citrate 

1 

16632 

1 2440 1 

7 : 1 


to be more satisfactory when used over the usual milk sediment disc. This 
closely woven cloth provides a relatively smooth surface on which extraneous 
matter can be examined inieroseopieally -with a minimum of focusing. One 
disc of Irish poplin clogs before eight ounces of dissolved cheese can be 
filtered through it but with a 50-graui sample it rarely if ever gives any 
trouble. 

A measure of the hiding effect of the milk sediment disc is indicated in 
table 2 which show^s the number of visible particles of sediment appearing 
on both types of filters when samples of the same size from identical cheese 
are tested. In these trials the poplin discs revealed 6 to 13 times as many 
particles under 85 x magnification as the reversed milk sediment discs. This 
ratio tends to vary with the type and! size of extraneous matter particles in 
the cheese. 'When the Irish poplin pad is used it has the practical effect of 
making the results of the test with the 50-gram sample of cheese equivalent 
to a larger sample filtered through a reversed milk sediment disc. 
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EFFECTS OP SOIiTONTS ON EXTRANEOUS MATTER 
Spicer and Price (2) observed no marked effect on common types of 
extraneous material siirviving tlieir test nor after treating* tlie eiieese with 
the citrate solvent for 18 hours at 37° C. This type of soaking period is 
now commonly used in commercial laboratories to hasten the period of solu- 
tion when the sample is placed in the heating hath. . Turner, Rogers and 
Conciiiest (3) stated that cellulose, chitiii and inorganic types of extraneous 
matter lost approximately 5 per cent of their weight during 20 minutes of 
boiling in the one per cent orthophosphoric acid solution, and fiirtheriiiore, 
that their structures were not visibly altered. 

TABLE 3 


The infiiience of type of solvent on extraneous matter 
(Sodium citrate, 10% solution; ortliopliosplioriG acid, 1% solution) 


Type of extraneous 
material* 

Solvent 

Amount of 
solvent 

Maximum 

tempera- 

ture 

Duration 

of 

1 heating 

Proportion 

dissolved 



ml. 

° F. 

min. 

% 

Milk sediment 

Citrate 

200 

150 

15 

33 


Acid 

500 

212 ! 

15 

51 


"Water 

1 160 

212 ^ 

15 

16 

Cow dung 

Citrate 

^ 200 

150 

15 I 

20 


Acid 

500 i 

212 

15 1 

22 

Timothy hay 

Citrate • 

200 

150 ' 

15 

7 


Acid 

500 I 

212 

15 i 

18 

Oat hulls 

Citrate 

200 

150 

15 ' 

20 


Acid 

500 

212 

15 

30 

Hay and grain mix- 

Citrate 

800 

150 

30 

21 

ture 

Acid 

500 

212 

15 

27 

Iron filings 

Citrate 

200 

150 

15 

6 


! Acid 

t 

500 

212 

15 

100 


* Extraneous material was dried at 100° F. before weighing both before and after 
solvent action. 


During tMs study such materials as hair, dust, insect parts, brush 
bristles, spider web, wood splinters, metal, grease from an agitator, and 
cotton threads from bandages have been subjected to the conditions and 
solvents of each test. These materials in general have been recovered after 
the treatments in identifiable amounts vidth the exception of cotton bandage 
threads which were dissolved by the sodium citrate solvent ; agitator grease, 
which was dissolved by both solvents and iron particles which were dissolved 
by the acid. Both solvents were found to have some dissolving action on 
common materials such as those shown in table 3. The substances shown in 
this table were subjected to treatments approximating those of the actual 
tests; no cheese was present in the solutions during the treatments. 

Table 3 indicates .that the phosphoric acid solvent always tends to dis- 
solve a little more of the organic matter than the citrate and attacks iron 



TESTING FOR EXTRANEOUS MATTER IN CHEESE 


885 


strongly. Despite the amounts of the substances dissolved by either test 
there still remained on the filter pads enough of the substances for identi- 
fication and observation. It is interesting to observe that even boiling water 
has a marked action on samples of dried milk-sediment taken from a factory 
filter cloth. 

The conditions of the treatments shown in table 3 are probably more 
severe than those to which these substances would ordinarily be exposed in 
the extraneous matter test. In making the test the cheese itself acts as a 
protecting cover for at least a portion of the extraneous matter while the 
cheese is being dissolved ; then, as soon as possible after the cheese is dis- 
persed, the solution is filtered. 

Sodium citrate is distinctly less active toward metals than the phosphoric 
acid. This fact is important in the choice of materials used for handling the 
cheese and phosphoric acid solvents while testing for extraneous matter. A 
poorly tinned or copper sediment tester may contrihnte so much dissolved 
metal to the acid solution that the sediment pad may be practically worth- 
less as an indication of the condition of the cheese. 

THE INFLUENCE OF CONTINUED HEATING UPON EXTRANEOUS MATERIAL 

There is a possibility that the extraneous matter in cheese might dissolve 
if the duration of the heat treatment were increased as is sometimes neees- 

TABLE 4 


The influence of the duration of the heat treatment on the extraneous matter 


Duration of 
heating 

1 Average number of particles on poplin pads 

Sodium citrate 
solvent 

Phosphoric acid 
solvent 

0.5 hour 

7,790 

11,220 

1.0 hour 

8,970 

12,200 

1.5 hours 

7,380 

11,680 

2.0 hours 

8,010 

11,170 


sary to obtain complete dispersion. This question was studied by grinding 
up several pounds of cheese, dividing it into several portions and finally sub- 
jecting these portions to four different heat treatments with each of the two 
solvents. During the treatment with sodium citrate the cheese-solvent mix- 
ture was stirred gently while being held at the usual 150° F. ; with phos- 
phoric acid the slow boiling of the mixture furnished the only agitation. All 
mixtures were filtered through Irish poplin and the particles of extraneous 
matter were counted under 85 x magnification. The results are shovm in 
table 4. 

The data in table 4 show that prolonging the heat treatments does not 
apparently change the results of the tests. If there is a tendency for the 
continued action of the solvents to dissolve the extraneous matter it is not 
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reA'ealed by coiinting tlie number of particles remaining on tlie filter discs ; 
iieitiier is it apparent to tbe naked eye in tlie discoloration of tlie filter discs. 

Tlie data in table 4 also show a distinctly larger number of particles 
reA’ealed b3’ the phosphoric acid treatment. This suggested the necessity of 
further obserA-ations of the effect of soh^ent on numbers and size of sediment 
particles. 

INFLUENCE OF SOLVENTS UPON THE SIZE AND NUMBER OP PARTICLES OP SEDIMENT 
REMAINING ON THE SEDIMENT PADS AFTER FILTERING 

Occasional sediment tests Avith sodium citrate seem darker than tests 
made Avitli xihosphoric acid on identical samples of cheese. Such effects 
might be caused by differences in the size or number of particles surviving 
the test treatments. 


TABLE 5 

Influence of solvents on size of particles of sediment 


Average diameter of particles in 10 random fields 


Cheese 
sample ■ 
number 

50 -gram samples on poplin 

8-oz. samples on milk filter 

Sodium 

citrate 

Phosphoric 

acid 

Difference 
(Citrate - 
Acid) 

Sodium 

citrate 

Phosphoric 

acid 

Difference 
(Citrate - 
Acid) 


mjn. 

mm. 

mm. 

mni. 

mm. 

m m . 

1 

0.074 

0.060 

0.014 

0,096 

0.050 

0.046 

2 

0.066 

0.045 

0.021 

0.088 

0.068 

0.020 

i 

0.060 

0.038 

0.022 

0.088 

0.097 

- 0.009 

4 

0.060 

0.036 

1 0.024 

0.084 

i 0.092 

-o.oos 

5 

0.058 

0.048 

1 0.010 

0.062 

; 0.058 

0.004 

6 

0.054 

0.044 

0.010 

0.086 

1 0.084 

0.002 

7 

0.072 

0.033 

0.039 




Average 

0.063 

0.043 

0.020 

i 0.084 

I 

j 0.0748 

0.009 


Size. Measurements Avere made of size of particles by using both sedi- 
ment tests on identical samples of cheese. Some of the tests were bO-grain 
samples filtered through poplin discs, others Avere 8-ouiiee samples filtered 
through milk sediment discs. Each disc w'-as placed under the microscope 
and the longest dimension of the particle nearest the center of each field 
w^as recorded. Ten fields on each disc were selected at random and particles 
were so measured; the aA^erage of these measurements is shown in table 5. 

It is apparent that Avhen the poplin filter pad is used the particles result- 
ing from the phosphoric acid treatment are about tAvo-thirds the size of those 
remaining after the sodium citrate treatment. 'When the milk filter disc is 
used the aA^erage size of particles is larger and practically the same for both 
solA’ents. Here again the hiding effect of the milk sediment disc is indicated. 

Number. In table 6 are shown numbers of particles from equal amounts 
of identical cheese tested with each solvent. Samples 1 to 8 in table 6 Avere 
filtered on Irish poplin ; the citrate test showed approximately 1 particle to 
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eacJi 1.8 particles from tiie test witli acid; wlien tlie reversed, iniik-sediiiieiitj 
filter disc v^as used for samples 9 to 13 tiieu the ratio of counts averaged 
practically 1 to 0.9. 

Snell differences in the ratio of numbers of particles resulting when the 
two solvents are used can be explained by the tendency of the acid to break 
up and so reduce the size of particles. The poplin filter disc retains the 
finer particles on its surface so that the iinmber visible is distinctly greater 
than that resulting when the milk sediment disc is used. On the other hand, 
the finer particles penetrate the loose structure of the milk sediment disc 
leaving a proportionately greater number of large particles visible. On the 


TABLE 6 


TJw Influence of the solvent tm the number of particles of extrantous matter 


Sample 

luimber 

N^inul>er of particles from 50 gms. 
of cheese 

_ 

Ratio of counts 
(citrate : add) 

Sodium citrate | 

Pliosphorie acid 


Irish poplin filter disc 

1 

16,130 

29,480 

1 : 1.8 

.■> 

12,850 

27,720 

1 : 2.2 


17,890 

24,440 

1 : 1.4 

4 

12,820 

19,150 

1 : 1.5 

5 

14,870 

18,650 

1 : 1.3 


16,630 

28,980 

1 : 1.7 

i 

7,310 

17,640 

1 : 2.4 

S 

7,060 

15,120 

1 : 2.1 


Reversed milk sediment disc 

9 

2,440 

1,720 

1 : 0.7 

10 

2,220 

1,460 

1 : 0.7 

11 

2,420 

1,550 

1 : 0.6 

12 

1,250 

1,140 

1 : 0.9 

13 

2,250 

3,276 

1 : 1.5 


Irish poplin the acid test may show the darker appearance depending some- 
what on the type and color of the finely divided extraneous matter present 
in the cheese but on the reversed milk-sediment pad the citrate test is apt 
to show the darker color. 

ESTIMATING SEDIMENT GRADES BY MACROSCOPIC EXAMINATION 

Three judges were asked to grade unidentified sediment test discs drawn 
at random from 237 obtained by anab^zing three samples from each of 79 
Cheddars making up 8 different lots of cheese. The summary of their esti- 
mates is presented in table 7 which shows the macroscopic grade for each 
lot determined by the majority of each judge’s votes and the proportion of 
his votes disagreeing with his majority. The proportion of maverick” 
votes indicates the variability of each lot in the opinion of that judge. 
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The judges did not agree either in their estimates of the iiiiiforiiiity of 
the samples from each lot of cheese or on the grades of the lots themselves. 
It is obvious that variations in samples from lots as well as variations iii 
judges’ opinions are involved. The judges indicated that unanimous agree- 
ment would be impossible when grading unidentified sediment test discs; 
one reason was the ^^border-line” samjiles which might be called one grade 
one time and another grade at another inspection; another reason was the 
pesonal factor which included speed of examination, eyesight, leniency, dis- 
tractions while judging, light conditions, and finally the experience of the 
judge. Experience in judging discs however does not contribute necessarily 
to the uniformity of the results because Judge A in table 7 was by far the 
most experienced of the three. 


TABLE 7 


Tarlabiliiy of judges in estimating grades ly macroscopic examination 



Size of test sample 


50'gm. sample 

8-oz. sample 

Lot miniber 

1 

2 

3 4 

5 

6 

7 

8 

Number of elieddars 

4 

12 

10 : 10 

9 

10 

12 

12 

Discs judged 

12 

33 

30 j 30 

27 

30 

36 

36 

Judge 

Sediment grades indicated by majority votes 

A 

2 

o 

2 1 3 

3 

4 

2 

2 

B 

i 

3 

2 1 3 

4 

4 

2 

2 

C 

3 

2 

2 i 3 

1 

3 

4 

2 

2 

J udge 

Proportion of votes in the minority 


cr. 

/O 

% 

on 1 cr 

/O i /£? 

% 

70 

% 

Oi 

iC 

A 

25.0 

8.3 

23.3 , 23.3 

51.8^ 

43.3 

13.9 

S.3 

B 

16.7 

41.7 

10.0 ! 20.0 

37.0 

26.6 

0.0 

2.8 

G 

0.0 

45.0 

6.7 j 11.1 

48.2 

43.3 

19.4 

25.0 


* Over half of votes can be in the minority 'when all votes are distributed between ' 
more than two grades. 


SAMPLING 

The sample of cheese for sediment test must be removed from the lot in 
such amounts and in such a manner that it is typical of the whole lot. The 
removal of such a sample depends upon the uniformity of distribution of 
sediment between the individual cheeses constituting the lot and within each 
individual cheese. 

Distribution of sediment ivitJiin the individual cheese. The distribution 
of sediment within the individual cheese was studied by taking samples from 
three portions of each cheddar of eight different lots of cheese — a total of 79 
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clieddars. Eacii elieddar was sampled in three zones — top, hottoui and 
center. Samples were obtained from the top and bottom by . inserting a 
cheese trier obliquely into the flat surface at points midway between the 
center and circumference ; the center sample was taken by inserting a butter 
trier straight domi through the axis of the eheddar and removing the neces- 
sary amount from that portion of the plug nearest the center of the cheese. 
Fifty-gram samples were taken from 5 lots of 48 Cheddars ; they were tested 
by the phosphoric acid method, filtered through poplin and then mounted on 
sediment test cards under cellophane. Eight-ounce samples were taken 
from 3 lots of 31 Cheddars ; they were tested by the sodium citrate method, 
filtered on reversed milk sediment discs and then mounted on cards under 
cellophane. Judges were required to mix all cards from all Cheddars into 
one pile from which tests were drawn and classified before any identifying 
marks were disclosed, 

TABLE 8 

The distribution of scdlmeut discs from 3 sections of cJicddars by -visual 
grading of three judges 


Judge 

Number 

of 

Cheddars 

Number of 
discs 
judged 

Minority votes 

Distribution of minority 
vote 

Number 

Per cent 

Top 

Center 

Bottom 

A 

79 

237 

55 

23 

20 

22 

13 

B 

1 79 

237 

45 

19 

10 

20 

15 

C 

! 77 

231 , 

62 

27 

19 

25 

18 

Totals 

235 

705 

1 162 

23 j 

49 

67 

46 


The results of the classification of sediment tests are shown in table 8. 
The Cheddars of each lot were regarded as a group and all sediment tests on 
that lot were used to determine the judge’s grade of the lot. The grade of 
the lot was fixed by the majority of the judge’s estimates of all tests on the 
lot. The estimates of grades in the minority ('^mavericks”), are divided 
in table 8 according to the section from which the test was obtained. 

Theoretically, if the extraneous matter were distributed evenly then the 
number of “mavericks” should be the same in each class. Out of a total 
of 705 sediment discs classified by the three judges, 162 were “mavericks.” 
Of this 162, 49 samples were taken from the top, 67 from the center and 46 
from the bottom of the Cheddars. According to the ehi-sqnare test, this dis- 
tribution is unusual but not significantly different from the equal number 
which was expected in each section. When the votes of the individual 
judges are considered by the same chi-square test it is clear that, as indi- 
viduals, they found no single section producing significantly more “mav- 
ericks” than any other section. 

Another attempt was made to discover, if possible, any tendency for the 
extraneous matter to occur in one of the thi'ee sections of these lots of cheese 
under discussion. This was done by estimating, under 85 x magnification, 
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TABLE 9 


Xmnl)er of particles on poplin sediment discs from tests of three sections of Cheddars 



y limber 

yumbers of sediment particles 

Section of 
cheese 

of 

cheese 

Minimum 

Maximum 

Average 

Standard 

deviation 

Top 

4S 

[ 13,104 

41,832 

27,292 

7,350 

Center 

48 

I 14,112 

45,864 

26,875 

7,250 

Bottom 

48 j 

[ 11,844 

45,612 

28,645 

8,185 


tlie iininber of particles of sediment on Irish poplin sediment discs obtained 
from five lots, totaling 48 elieddars. The results are shown in table 9. 
Typical data for all cheese in a single lot are shown in table 11. 

The average iiniiiber of particles of sediment on the discs from each of 
the three sections of the elieddars are practically identical, according to evi- 
dence ill table 9. The ranges of average numbers of particles observed in 
each section are very similar. The variability of the data is also indicated 
by the magnitude of the standard deviations. 

For all practical pnr]ooses it makes no difference in testing cheddars for 
extraneous matter whether the samples are taken from the top, center or 
bottom sections. 

Distrihtition of sediment hetiveen cheese id the lot. The distribution of 
sediment between cheese constituting individual lots (vats) was not uniform 
as determined by mieroseopic counts of particles. Results of counts are 
summarized in table 10. 

It has been shown that the distribution between sections of a cheese is 
uniform so that data from the top section of the cheese are used in table 10 
to illustrate the variations between cheese. Median values in lots 1, 2 and 4 
are practically identical; the range of counts indicated by niinimiim and 
maximum values in these three lots include the median values of the other 
two lots, 3 and 5, and almost include the extremes as well. 

As further evidence of this lack of uniformity of distribution of extra- 
neous matter, table 11 is presented. In thi.s table is shoAvii the number of 
particles of sediment in the toj^, center and bottom sections of the 12 ched- 


TABLE 10 

Bisirihution of eniraneous matter between cheese in the lot 


Lot 

i 

y umber of 

Number of particles in top section (50-gm. sample) 

imniber 

cheese 

. . 

Minimum 

Maximum 

Median 

1 

i 12 

20,160 

38,050 

25,830 

2 

1 8 

19,908 

31,248 

25,956 

3 

' 10 

13,104 

20,916 

17,514 

4 

1 10 

21,420 

1 34,776 

25,964 

5 

9 

27,468 

43,344 

33,516 
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clars eoiistitiitiiig’ one lot or uat of cheese. Yariations in counts in the three 
sections within individual cheese approximate 3500 particles ; between indi- 
vidual dieese the range is from 19,000 to 39,000. 


TABLE 11 

DJsfnhufion of sediment in a ty ideal lot of cheese 


Clieese 1 

immber 1 

Number of particles in samples (000 omitted) 

Top 

Center 

Bottom 

1 ’ 

35 i 

33 

' 30 

2 

34 i 

33 

33 

O 

38 ! 

39 

39 

4 

j 35 i 

' 37 

: 36 

f> 

1 25 

32 

' 30 

6 

1 26 

34 

32 

7 

i 25 ' 

1 24 

1 31 

8 

: 23 

25 

I 24 

9 

20 

21 

21 

10 

20 

19 

24 

11 

27 

27 

i ,.25 

12 

1 25 

; 23 

1 31 


Maeroseopie examination of sediment tests from every cheese in a single 
lot revealed definite differences in amounts of extraneous matter. In table 
12 the ratings of one experienced judge are used. All sediment discs were 
made from samples from the top sections of each cheese in each lot. 

The sediment tests on these 50-grani samples of different cheese in the 
same lot indicate that more extraneous matter can be expected in some cheese 
than in others. Two lots in table 12 show’ discs in three of the four possible 
grades, two lots, in twTi grades, and one lot show’s discs in only one grade. 
Although these samples w’ere judged on poplin discs through which had been 
filtered only 50 grams of cheese, similar results might have been showm after 
using the 8-ounce sample and the reversed, milk-sediment, disc. 


TxVBLE 12 

Macroscopic grades''^ of sediment tests (a0~gm, samples) from top section 
of individual cheese 


Lot 

number 

Number of 1 

Distribution of cdieese between grades 

! clieese | 

I 

II 

III 

IV 

1 

12 i 

0 

10 

2 ' 

0 


5 1 

0 

o 

3 

0 

3 

10 : 

10 

0 i 

i 0 

0 

4 

10 

0 

I - 

I 7 

1 " 

5 

9 1 

0 

1 ^ 

i 4 

4 


* Only the grades of Judge A are tabulated. 


SIZE OF SAMPLE 

A sample of satisfactorj^ size should detect the presence of critical mate- 
rial with regularity if it is present and should reveal excessive contamination 
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ill eoiiviiieiiig amounts for factory clemoiistratioii purposes. In table 13 are 
siiminarked tlie results of paired tests on identical eJieese ; one test was made 
using tlie eight-ounce sample ivhile tlie other was made with the 50-gTani 
sample. These are the two most commonly used samples in eoinmereial 
practice. 

Table 13 indicates that the 50-gram sample detected the presence of 
critical material in 37 out of a total 211 samples while the 8-oiiiice sample 
detected it in 76. Factories B to H in table 13 indicate irregularity in the 
ability of both sample sizes to detect critical extraneous material ; in some 
instances one revealed it but the other did not. In the 122 paired tests made 
on factories A and B, the 8-ounee sample detected critical material in 44 
samples in which none was found by the 50-grain sample ; the 50-grani sample 

TABLE la 


Helative efficiency of BO-gm, and S-ounce samples for detecting critical ‘material in cheese 


Eactorv 

Paired tests 
on identical 
cheese 

Tests showing critical material* under 85 x magnification 

50 -gm. sample 

8 'Ounce sample 



N'umher 

% 

Kn inter 

% 

A 

55 

20 

36 

44 

80 

B 

67 

10 

15 

25 

37 

C 

21 

2 

10 

1 

5 

D 

24 

1 

4 

2 

8 

E 

19 

2 

10 

0 

0 

E 

10 

0 

0 

4 

40 

G 

9 

0 

0 

0 

0 

H 

6 

2 

33 

0 

0 

Totals 

211 

37 

17.5 

76 

36 


* Critical material = material of insect or animal origin. 


detected critical material in 9 samples in which the 8-oiiiiee sample failed to 
catch any. In general, table 13 indicates that the 50-gram sample is half as 
effective in detecting critical material when 20 per cent or more of the lots 
tested with this size sample are defective. 

It is not neeessaiy to extend this discussion to show detailed comparisons 
of macroscopic grades of identical cheese tested by using samples of each 
size. Both are effective tests for control purposes when used with suitable 
guides made up with actual sediment discs ; photographs of such guides are 
not effective standards. The 8-ounce sample is slightly more uniform be- 
cause of the greater amount of sediment collected and because of the stand- 
ardizing effect on particle size of the milk-sediment filter. 

The Food and Drug Administration was first to use an 8-ounce sample 
of cheese ; personal conferences with officials of this Administration indicated 
that this sample was not regarded as either a minimum or a maximum. Al- 
though the first reaction of the cheese industry was unfavorable, because of 
the damage which such large samples ’would cause when taken from the 
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cheese, this aiiioiiiit of sample was generally adopted by eoiiiniercial labora- 
tories with a few exceptions. Two methods of obtaining 8-oiinee samples for 
routine testing were devised which decreased materially the losses caused by 
plugging the cheese. The first method used a special knife devised by E. 
Bohacek of the Lakeshire-Marty Company, Plymouth, Wisconsin. This 
knife cuts an eight-ounce, Y-shaped strip of cheese from the flat surface of 
a Cheddar. The cut surface is easily sealed by the parafihiing of the cheese. 
The second method of sampling requires the cooperation of the cheese maker, 
who is instructed to take a sample of curd just before pressing. This curd, 
which should be taken from the hoops, is packed solidly into a jar provided 
ivith an air-tight closure. If the jar is completely filled and closed the 
sample can be sent to the warehouse laboratory along with the cheese ship- 
ment without danger of spoilage. 

Since 50 grams of cheese approximates the yield of cheese from a pint of 
milk, the amount used in a milk sediment test, it has been suggested (2) that 
milk sediment standards might be used for judging cheese sediment tests. 
Factory operations, however, may introduce sediment and Y^artinbee (4) 
reported appreciable amounts of sediment in the whey at dipping; all of 
which would seem to indicate that the relationship between milk and cheese 
sediment tests might be misleading. 

IDENTIFICATION OP EXTRANEOUS MATERIAL ON THE CHEESE SEDIMENT TEST 

Identification of extraneous material should classify the material as crit- 
ical or iion-eritical. Critical materials are insects or substances of animal 
origin. Vegetable matter or debris under certain circumstances might also 
be classed as critical material. Non-eritieal materials, which, if they are 
present in appreciable amounts, are indicative of unsatisfactory conditions 
of milk production or cheese manufacture or both, include ; vegetable matter, 
soil particles, dust, ash, cloth fibers and wood or metal particles. 

All types of hair and wool are relatively easy to identify. While hairs 
of any type are considered critical, hairs from rats and mice are particularly 
objectionable. Such hairs are distinguished by characteristic markings but 
it is possible to find hairs from dogs, eats, squirrels and rabbits which so 
closely resemble rodent hairs that they are practically indistinguishable from 
them. 

Insects or insect parts are critical materials which can be identified more 
easily if the original insects have been examined carefully. Insects which 
may be encountered are flies and fly larvae (especially in the soft rinds of 
cheese like Limbiirger), cockroaches, centipedes, silverfish, sow bugs, spiders 
and cheese mites. Insects are chiefly found where poor housekeeping prac- 
tices prevail. 

Cloth fibers which are very apt to appear in cheese sediment tests are the 
blue cotton fibers from denim overalls. Brightly colored wool fibers prob- 
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ably come from sweaters worn by tliose working* on tlie farms or in the 
factories. 

Particles of soil, dust, coal dust, soot, cinders, wood or tobacco ashes may 
appear on. sediment discs. Their origins are obvious and indicate the neces- 
sity of better care in the production of the milk or in factory operations. 
An open window in a factory where smoke from the boiler or dust from a 
plowed field or dusty road can blow into the plant may easily be responsible 
for a Number 4 sediment test. 

Metal particles, curiously enough, are frequently seen on cheese sediment 
tests. Probably most of them have their origin in the stirring of milk dur- 
ing cooling but factory operations may also be blamed through scraping of 
metal equipment and utensils in the making of the cheese. Such contami- 
nation might come from knives drawn across the vat, mechanical agitators, 
curd forkers, curd mills, scoops, rubbing of hoops in the vat and the like. 

It is not practical to reproduce here pictures of all kinds of extraneous 
material which might get into cheese. A fairly complete series of such 
photographs^ has been prepared at this laboratory from which prints can be 
obtained by anyone who is interested in building up a collection to assist in 
the identification of extraneous matter. 

SUMMARY 

The test for sediment in cheese detects unsatisfactory conditions of milk 
and cheese production except when the milk supply is filtered efficiently. 
The results of the test may be graded by macroscopic appearance but should 
also be examined microscopically for critical material. 

The two practical tests use solutions of either sodium citrate or ortho- 
phosphoric acid.' ' Commonly eight ounces of cheese is used with the citrate 
test while 50 grains of cheese is used with the. acid solvent. The larger 
sample must be filtered through a reversed, milk-sediment disc while the 
smaller sample is most effective when a filter of Irish poplin is used over a 
milk sediment disc. The smooth surface. of poplin can he examined more 
easily with a microscope since it retains all particles in view ; the iiiilk-sedi- 
ment disc tends to hide all small particles of sediment. 

There is not much to choose between the solvents although the acid seems 
to work faster on young cheese. Neither solvent, under the conditions used 
in m,aking the tests, destroys enough of the common types of extraneous 
material to prevent identification although both attack such material more 
or less. The acid tends to reduce the size and increase the number of sedi- 
ment particles. 

The distribution of extraneous material seems to be fairly uniform within 
a single cheese but from cheese to cheese from a single lot the distribution is 

2 An index of pliotograplis available for distribution -will be sent on request by tlie 
Department of Dairy Industry, University of Wisconsin, Madison 6, Wisconsin. 
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not uniform. Sneh irregularity makes it desirable to take plugs from sev- 
eral cheese in each lot and essential to test the cheese from a given outlet 
regularly and as frequently as possible. 

The identification of extraneous material by microscopic examination of 
test pads may provide a useful method of determining sources of contamina- 
tion. Photographs of common types of extraneous matter which are avail- 
able for distribution from this laboratory may prove helpful in this respect 
although they cannot replace microscopic study of the actual material from 
local sources. 
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INTRODUCTION 

Cocoa and chocolate are extensively used in connection with milk and 
some of its products, viz., chocolate milk, chocolate ice cream, chocolate pud- 
dings, and milk chocolate candies. Recent data (7) indicated a close con- 
nection between the content of tannic substances in cocoa powder, as deter- 
mined by the Ulrich method (8), and its toxicity when cocoa was fed with 
whole milk powder to white rats. Thus, the tannic substances appear to be 
of sufficient importance to warrant further investigation of their presence 
in commercial cocoa powders. 

Although the tannic substances of cocoa have not been defined too clearly 
in the literature, it may be assumed that they may include eaeao-tannin, 
cacao-purple^ and cacao-brown (1, 5). The amount of these various tannic 
substances present in commercial cocoa powder depends to a great extent 
upon treatments, such as fermentation, drying, roasting, and addition of 
alkali (Dutch process), and to a lesser extent upon the variety of the cocoa 
bean used. 

Various methods have been worked out for the determination of the 
tannic acid content of plant materials, yet they do not seem appropriate for 
cocoa products. The writers are not aware of any published methods which 
will determine accurately the tannic substances totally or separately in cocoa 
powder. Several methods have been suggested for the determination of 
cacao-purple. Heidusehka and Bienert (4) do not claim that their method 
is accurate enough for analytical work. Ulrich’s (8) method for the deter- 
mination of cacao-purple, which is a constituent of the cacao nib but thought 
to be absent in the shell, was proposed chiefly as a method for detecting 

Eeceived for publication April 29 , 1944 . 

1 Department of Dairy Industry and Control Service cooperating. Contribution No. 
514 of tbe Massaebusetts Agricultural Experiment Station. 

2 In tMs paper cacao-purple is considered as' being synonymous witli cacao-red. 
Fineke (2) christened this tannic substance eacao-red, but Knapp (5)' considers cacao- 
purple preferable as this more accurate color description assists in distinguishing it from 
the oxidation products which are of red-brown color- 
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cocoa shell in eoniiiiereial powders. The TJlrich. method became the generally 
accepted test for cacao-purple of cocoa powder. However, Pineke (3) 
reported this method unreliable for this purpose. 

Since the accuracy of Ulrich’s method has been questioned, an attempt 
was made in this study to improve the method. The results obtained are 
given as a report of progress. Fifteen samples of commercial cocoa powder 
were analyzed by Ulrich’s method before the writers were aware that the 
accuracy of this method had been seriously questioned. The results are 
included here, so that they may be compared with analyses of cocoa samples 
of less recent date, reported by other investigators. 

EXPERIMENTAL 

Analyses of cocoa powders hy Ulrich’s method. Fifteen samples of com- 
mercial cocoa powder were analyzed by Ulrich’s method. In this method the 
material to be investigated is boiled with 50 per cent acetic acid, the filtrate 
is mixed with hydrochloric acid and precipitated by means of ferric chloride, 
and the precipitate is washed with hot water, filtered off, and weighed. The 
results of the analyses are summarized in table 1 as average percentages 


TABLE 1 

Average values for ferric chloride precipitates of cocoa powders 



Original samples 

Moisture-fat-free basis 


per cent 

per cent 

6 Dutch and 9 unprocessed 

11.01 

14.13 

6 Dutch samples 

8.44 

10.74 

9 Unprocessed samples ' 

4 Dutch samples when Dutch and un- 

12.72 

16.42 

processed samples were made from 
similar base beans 

8.68 

11.27 

4 Unprocessed samples when Dutch and 



unprocessed samples were made 
from similar base beans 

12.86 

17.06 


of ferric chloride precipitate calculated on moisture-fat-free basis and on 
the original sample. 

The average value of 14.13 per cent of ferric chloride precipitate, calcu- 
lated on a moisture-fat-free basis, approximates the figures reported by other 
investigators, namely 13.81 per cent by Ulrich (8) and 15.17 per cent by 
Lythgoe (6). However, the figure for Dutch cocoa is lower than that 
reported by Lythgoe. Among the Dutch and unprocessed cocoa samples 
analyzed, four samples of each were made from the same type of cocoa beans 
and such samples should give a more accurate comparison than samples of 
unknown history. Obviously, it would be desirable to have samples of Dutch 
and unprocessed cocoa which were made from the same lot of beans, but 
sufficient samples of this type were unavailable. The average percentage 
of ferric chloride precipitate was approximately one-third less for the 
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Dutch cocoa than for the unprocessed cocoa. Moi>sture and fat in the cocoa 
samples ranged from 1.09 to 5.32 per cent and 10.10 to 23.71 per cent 
respectively. 

Modification of Ulriches method. Since Uliueh does not indicate the basis 
of his method or the nature of the material brought to precipitation^ the 
precipitated material is usually referred to simply as ''ferric chloride pre- 
cipitate.’’ Some investigators, how'ever, have reported the amount of ferric 
chloride precipitate as if it consisted entirely of tannic substances. 

Numerous ferric chloride precipitates were analyzed in this study in an 
attempt to secure some information on the nature of the material precipi- 
tated ; also, the effect of altering the procedure for washing the precipitate 
was studied. The results are given in table 2. The ferric chloride precipi- 
tates, washed according to Ulrich’s method and ashed, had an average ash 
content of 13.45 per cent, which varied from 11.48 to 18.24 per cent. 
Analyses of the ash showed it to consist mainly of iron and phosphorus, 
present either as separate oxides or in combination as ferric phosphate. 
The relatively high ash content of the ferric chloride precipitate indicated 
that the weight of the precipitate cannot be taken as a true measure of 
cacao-purple or other tannic substances, because the value is too high, at 
least to the extent of the weight of ash in the precipitate. 

In order to determine whether the ash content could be reduced, thereby 
making the weight of the ferric chloride precipitate more nearly a true 
measure of the amount of tannic substances present in cocoa powder, it 
was decided to alter the portion of the Ulrich procedure which pertained 
to the washing of the precipitate. Qualitative tests made on a number of 
precipitates, which had been washed with hot water according to the Ulrich 
method, showed the presence of small amounts of chloride, indicating that 
some of the iron appearing in the ash probably was due to incomplete 
removal of ferric chloride by washing. Two modifications in washing the 
precipitate were used. Some precipitates were washed first in cold acetic 
acid (l-hl) and then in hot water. Other precipitates were washed with 
a cold mixture of acetic and hydrochloric acids of the same concentration 
as used in extracting the tannic substances, the final washing likewise being 
with hot water. In general, washing the precipitate with either acid solution 
resulted in a lower percentage of ash in the precipitate and a lower per- 
centage of iron and a higher percentage of phosphorus in the ash. How- 
ever, the mixture of acetic acid with hydrochloric acid was more effective 
than the acetic acid alone. Whatman No, 42 filter paper and a filter crucible 
were also compared as to their desirability for use in eolleeting and washing 
the precipitate. The washing was slightly more effective when the filter 
crucible was used, but the difference appeared toO' small to bO' of any great 
significance. It was also noted that the proportion of iron to phosphorus 
approached the theoretical proportions existing in ferric phosphate, when 
the precipitates were washed' with acid. 
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SUMMARY AND CONCLUSIONS 

1. Fifteen samples of commei’cial cocoa powders were analyzed, pre- 
sumably for cacao-purple, by Ulrich’s ferric cMoride precipitate method. 
The ferric chloride precipitates ranged from 3.48 to 15.59 per cent, with 
an average of 11 per cent. The average percentage of ferric chloride pre- 
cipitate obtained from Dutch cocoas was approximately one-third of the 
amount obtained from the unprocessed cocoas. 

2. The amount of ferric chloride precipitate does not measure accurately 
the amount of cacao-purple or other tannic substances in cocoa, partly be- 
cause the ash content of the precipitate was found to be relatively high, 
averaging 13.45 per cent. 

3. The ash consisted mainly of iron and phosporus, present either as 
separate oxides or in combination as ferric phosphate. 

4. A modification of the method of washing the ferric chloride precipi- 
tate has been suggested, which reduced its ash content. 

5. Eesults obtained from this study indicate that the ferric chloride 
precipitate wuuld measure the tannic substances content of cocoa more 
accurately if the modification of the washing procedure were followed and 
correction made for the ash contained. 
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THE RECOGNITION OP THE INFLUENCE OP AGE ON 
BUTTERFAT PERCENTAGE WHEN CALCULATING 
MATURE EQUIVALENTS* 

D. N. PUTNAM,' 6. A. BOWLING,' and 0. T. CONKLIN” 

West Virginia Agricultural Experiment Station, Morgantown 

INTRODUCTION 

The use of conversion factors in calculating dairy cattle production 
records to standard equivalents has become an accepted procedure. Gen- 
eral recognition has been given to the fact that as dairy cows increase in 
age their milk and butterfat production increases until senescence brings 
about a gradual decline from year to year. It has also been shown (1, 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17) that fat percentage travels 
a related but inverse line. Pohrman (4) and Heizer (13) have also shown 
that the milk and butterfat production for dairy cows increases at a dis- 
similar rate which justifies different age conversion factors for milk and 
butterfat. The results of these studies, however, have been given- no con- 
sideration by the various agencies that report production records on a 
standardized equivalent basis. The present procedure is to multiply the 
actual milk production by a factor, and then multiply the actual butterfat 
production by the same factor. It is the purpose of this paper to offer 
additional proof of the effect of age on the butterfat percentage in the milk 
of dairy cows, and to point out the error resulting from the use of the 
present method of calculating mature equivalents for milk and butterfat 
production. 

PRESENTATION OF BATA 

In 1941 the Ayrshire Breeders^ Association placed all of its production 
records on punch cards and approved the use of these cards for analytical 
purposes by the Department of Dairy Husbandry of the West Virginia 
Agricultural Experiment Station. The first 34,176 of these records are 
involved in this study. These records were for complete lactations not 
exceeding 305 days in length. They were sorted on the basis of the age of 
the cow at the beginning of the lactation. 

The effect of age on the butterfat percentage in the milk of Ayrshire 
cows is shown in table 1. This table contains the number of animals in each 
age group, the actual butterfat percentages for the different ages, and 
conversion factors calculated from these various percentages. 
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INTRODUCTION 
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records to standard equivalents has become an accepted procedure. Gen- 
eral recognition has been given to the fact that as dairy cows increase in 
age their milk and biitterfat production increases until senescence brings 
about a gradual decline from year to year. It has also been shown (1, 2 , 
4, 5, 6, 7, 8j 9, 10, 11, 12, 13, 14, 15, 16, 17) that fat percentage travels 
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sideration by the various agencies that report production records on a 
standardized equivalent basis. The present procedure is to multiply the 
actual milk production by a factor, and then multiply the actual butterfat 
production by the same factor. It is the purpose of this paper to offer 
additional proof of the effect of age on the butterfat percentage in the milk 
of dairy cows, and to point out the error resulting from the use of the 
present method of calculating mature equivalents for milk and butterfat 
production. 

PRESENTATION OF DATA 

In 1941 the Ayrshire Breeders^ Association placed all of its production 
records on punch cards and approved the use of these cards for analytical 
purposes by the Department of Dairy Husbandry of the West Virginia 
Agricultural Experiment Station. The first 34,176 of these records ate 
involved in this study. These records were for complete lactations not 
exceeding 305 days in length. They were sorted on the basis of the age of 
the cow at the beginning of the lactation. 

The effect of age on the butterfat percentage in the milk of Ayrshire 
cows is shown in table 1. This table contains the number of animals in each 
age group, the actual butterfat percentages for the different ages, and 
conversion factors calculated from these various percentages. 
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TABLE 1 

Butterfai tests of Ayrshire cows at dijferent ages and corresponding age 
conversion factors 


Age of eow 
beginning 
of record 
(years) 

Number of 
records for 
eaeli age 
group 

Average 

butterfat 

percent- 

age 

Butterfat 

percentage 

differen- 

tials 

Age conversion 
factors for 
per cent 
butterfat 

2 

8,238 

4.09 

-0.10 

0.9755 

3 

6,794 

1 4.07 

-0.08 

0.9803 

4 1 

5,305 

4.05 1 

-0.06 

: 0.9852 

5 

4,037 

4.02 1 

-0.03 

0.9925 

6 ! 

3,123 

3.99 i 


1.0000 

*7 j 

i 2,302 

3.96 1 

-f 0.03 

1.0007 

8 ! 

1,637 

3.94 : 

4-0.05 

1.0130 

9 ! 

i 1,185 

3.91 ! 

-f O.OS 

1.0200 

10 j 

762 

3.90 

! -}- 0.09 

1.0230 

11 & over 1 

1,114 

3,87 

-f 0.12 

j 1.0310 


'Ilie accompanying' figure sliows the regression of biitterfat percentage 
on age of cow at the begimiiiig of the record. 


DISCUSSION 

The variation in the per cent biitterfat in the milk of Ayrshire cows at 
different ages, as shovm in table 1, suggests the necessity of a change from 
the present method of calculating mature equivalent production records. 
Practically all conversion factors in use were worked out for total biitterfat, 
rather than for milk. It has become the general practice, however, to apply 
these biitterfat conversion factors to both milk and biitterfat. By this 
method an error is introduced which, although considered insignificant by 
some investigators (6, 14, 15, 17), is, according to the data involved in this 
study, statistically significant and is of importance economically both in a 
breeding program and in a dairy enterprise. 



Pig. 1 
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Conversion factors are a necessary evil to whicli we must resort in making 
mature equivalent production comparisons of dams and daughters in evalu- 
ating sires. It is a recognized fact that when applied to individual records 
conversion factors may err greatly as an indicator of mature performance. 
Deliberate applications of conversion factors to individual production rec- 
ords in such a way as to further increase the amount of possible error, how- 
ever, should, without question, be avoided. 

Since it is known that the fat percentage of cows’ milk decreases with 
the advancing age of the cow, the application of conversion factors, devel- 
oped for total biitterfat, to butterfat percentage will introduce an error 
that is always made in the same direction. Furthermore the application 
of those conversion factors, vrhieh were developed for total butterfat, to 
total milk production also introduces an error that tends to be always in 
the same direction. The assumption that the first lactation butterfat per- 
centage also applies to mature cows is to give bulls credit, in mature equiva- 
lent calculations, for transmitting a higher fat percentage than is really 
the case. Furthermore, the application of the same factor to the first lacta- 
tion milk production, in raising it to a mature equivalent, does not credit 
the sire with having transmitted as much total milk as he actually did 
transmit. The final result of such applications of the butterfat conversion 
factor for all three conversions is that a sire is credited with the correct 
amount of total butterfat but with a butterfat percentage impossible of 
attainment and with a total mature equivalent milk flow of less than he 
transmitted. These facts arc apparent from a study of the following 
example, where a cow makes a record at 2 yrs. 6 mos. of age of 10,000 
pounds of milk testing four per cent and 400 pounds of butterfat. Applying 
the standard U.S.D.A. Bureau of Dairy Industry butterfat factor of 1.211 
to this record a mature equivalent of 12,110 pounds of milk testing four 
per cent and 484 pounds of butterfat is obtained. Applying the fat per- 
centage differential of one tenth of one per cent as indicated in table 1, 
however, the mature equivalent butterfat percentage would be 3.9 per cent 
instead of four per cent. By dividing 3.9 per cent into the total mature 
equivalent butterfat of 484 pounds a mature equivalent milk production of 
12,410 is indicated. We find then that this cow that would have been 
credited with 12,110 pounds of milk, testing four per cent, and 484 pounds 
of butterfat at maturity should actually have a mature equivalent of 12^10 
pounds milk^ testing 3,9 per cent, and 484 pounds of butterfat. This dif- 
ference of 300 pounds of milk, since it is always going in the same direction, 
cannot be ignored although it may not he statistically significant. For 
those agencies that include equal parent indices in proved sire reports, the 
difference will he slightly more important. 

An even greater hazard in the failure to recognize the decline in butter- 
fat percentage with age lies in the fact that the owners of those breeds of 
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cattle in wliieli tlie maintenance of a niinimuin fat percentage is important, 
are lulled into a false sense of seenrity in selecting proved herd sires. In 
selecting a four per cent bull to use on his herd that actually averages four 
per cent the prospective purchaser does not know that the bull whose dam- 
daughter comparison indicates a four per cent level (by present methods) 
is actually a 3.9 per cent bull. In fact this may be one of the reasons why, 
despite the efforts to select for higher test in the lower testing breeds, so 
little progress has been made in increasing the average butterfat percentage 
for these breeds even in herds -where a testing pimgram is carried on. 

Any agency reporting dam-danghter comparisons on a mature equivalent 
basis for the evaluation of sires has assnmed a serious obligation. Every 
effort should be made to reduce to a minimum the possibilities of errors due 
to method. The use of factors for both total milk production and total 
butterfat production, or the recognition of fat percentage differentials, 
properly applied if a single set of conversion factors are used, should help 
greatly to keep variations from the actual production trend with age at a 
iiimimum. 

SUMMARY 

A study of 34,176 lactation records not exceeding 305 days in length 
shows a definite decrease in the butterfat percentage of the milk of Ayrshire 
cows from the first lactation to old age that is statistically significant. Be- 
cause of this decline in butterfat percentage with age it is suggested that 
it would be more nearly accurate to use age conversion factors for both milk 
and butterfat production, or to use a fat percentage differential as a cor- 
rection factor when using only one set of age conversion factors for both 
milk production and butterfat production, 
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TEMPBEATURE-TIME RELATIONSHIPS FOR HIGH- 
TEMPERATURE-SHORT-TIME STERILIZATION 
OP EVAPORATED MILK 
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Division of Dairy Piesearcli Lahoraiories, Bureau of Dairy Industry, Agriculuiral Eesearch 
Aclmmistratio7L, Z7. S. Department of Agriculture 

Higii-temperatiire-sliort-time sterilization is used eonmiercially in tliis 
country only for canned fruit and vegetable juices. The application of tliis 
method of sterilization to the processing of evaporated milk i)resents certain 
problems, vhieh arise chiefly from the chemical and physical instability of 
the product in storage. In studying these effects, vRieh have been reported 
in another paper (2) , the writers also obtained data on the temperature-time 
relationships for the death points of spores. These data are presented in 
this paper. 

METHODS AND EQUIPMENT 

The general procedure consisted of the inoculation of concentrated 
whole milk with washed spores of the desired level of heat resistance and the 
heating of the concentrate at different high temperatures for periods of 
seconds followed by rapid cooling. Examination of the aseptically collected 
milk and of plated control and heated samples after an appropriate period 
of incubation revealed the course of destruction of the spores. 

The test organism (9499) was an unidentified sporing species isolated 
from spoiled, commercially canned, evaporated milk. It is a facultative 
thermophilic aerobe; growth optimum 37°-40° C. (98.6°-104° F.), maxi- 
mum C- (122°-133° P.). In evaporated milk (26% solids) at 

115® C. (239° P.) the thermal death time of the spores (100,000 per ml.) 
was approximately 14 minutes. 

The spores w'ere produced on nutrient agar slopes. After 3 weeks of 
incubation at 37° C., the growth^ — ^practically 100 per cent spores — ^was col- 
lected, washed 3 times by centrifugation with sterile distilled water, and 
filtered through cotton. The clumps were largely dispersed by agitating 
their aqueous suspensions wuth small glass beads. Suspensions of the spores 
in distilled water were stored at 6° C. (42.8° P.). 

Samples of the inoculated milk taken before and after heating were 
plated with glucose extract agar and the colonies counted after 48 hours 
at 37° G. Flasks of aseptically collected milk, tightly stoppered, were incu- 
bated at 37° C. and examined at weekly intervals for 3 months. Samples 
of the uniiioeulated milk also were plated, both before and after heating 
at 85° C. for 10 minutes. The concentration of viable spores in the milk 
before the heat treatment was approximately 100,000 per mi., of which less 

Received for publication May 4, 1944. 
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than 30 had been present prior to inoeiilation. Since the test spores were 
found to be susceptible to heat-activation/ the total viable count was 
considered to be that obtained bv the plating of the inoculated milk after 
heating at 95° C. for 10 minutes. 

The sterilizer was a Mallory small-tube heat-exchanger (3) consisting of a 
heating section and a holding and cooling section integrally combined and 
connected to a high-pressure reciprocating pump which forced the milk 
through the small tubes at high velocity. The temperature was raised by 
introducing high pressure steam through a reducing valve into the heating 
chamber and the holding time was varied b}^ changing the length and 
diameter of the tubing through which the hot milk was forced enroute to 
the cooling coil. 

The cooled milk was discharged aseptically into sterile bottles by means 
of a special collecting device ; this consisted of a glass manifold which could 
be connected without internal contamination to the b^^-pass outlet of the 
heat-exchanger. Half-pint milk bottles and two large flasks were attached 
to this manifold by rubber tubing. Each container wms closed with a rubber 
stopper fitted with two short lengths of glass tubing. One of these served 
as an air vent, the other w^as connected to the manifold by means of rubber 
tubing. Open ends of the sample-collecting assembly were plugged with 
cotton and covered with paper held in place with rubber bands. 

Individual parts of the sampling assembly were cleaned, assembled, 
sterilized in an autoclave, carried as a unit to the heat-exchanger, and 
aseptically attached to the by-pass outlet. The heating and cooling coils, 
and each holding tube, were sterilized by hot water heated in the heating 
coil to 120° C. (248° P.) or higher, directed into the connecting and holding 
tubing and thence into the cooling coil. The latter was not surrounded 
by water while it was being sterilized. Means were provided for creating 
a back pressure in the cooling coil sufficient to insure sterility in 20 minutes. 

By manipulation of pinchcocks the processed milk w^as directed from 
the main line of the assembly through the glass manifold into the sterile 
sample containers. When these vrere filled to the desired level the manifold 
was detached from the sampling outlet, plugged with sterile cotton, and 
the entire assembly carried to the plating room. Samples to be used for 
bacteriological examination were incubated directly or subeultured as 
previously described. The remainder of the samples were used in the study 
of the physical properties of the milk (2). With these samples the original 
perforated stoppers were aseptically replaced with sterile solid rubber 
stoppers, the bottles labeled, covered with small sterile paper bags and 
stored with tinned samples at 30° C. The nature and general arrangement 
of the processing and sampling equipment are shown in figure 1. 

1 A discussion of this subject will be prepared for publication elsewhere. 
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RESULTS 

The essential bacteriological data are summarized in the accompanying 
graphs (figures 2 and 3). ' Figure 2 shows the minimum time in seconds 
required for the killing of all the test spores at four different temperatures. 


COOLING HOlOIMS heating 

CHAMBER CMAM5ER 



Fig. 1, Schematic, drawing of the processing and sampling equipment. 



TIME- — SECONDS 

Fig. 2. The relationship between temperature and time for sterilization. 



Fig. 3. The relationship between temperature and the logarithms of the steriliz- 
ing time. 

Since approximately 3 seconds was required for heating and also for cooling, 
zero holding-time heating actually involved about 6 seconds of rapidly 
changing temperatures between 30° C. (86° F.) and 148° C. (298.4° F.). 
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Tills period of eliaiig'iiig temperatures is estimated to cause less eliaiige in 
actual data tlian can be accurately plotted in tbe scale chosen. In view of 
the heat-resistance capacity of the test spores, these data afford a valid 
index of the sterilizing efficiency of the heat-exchanger for evaporated milk. 
Figure 3 shows the linear relationship between the temperature and the 
logarithms of the sterilizing time. 

The two factors which precisely define a thermal death curve — ^viz., the 
thermal death time "at a specified temperature and the thermal death curve 
slope (interval in temperature per log cycle) — ^have been utilized by Ball 
(1) to develop mathematical equations for estimating the lethal effect of 
sterilization processes. Since information is lacking concerning the con- 
stancy of the slope of the thermal death curve at temperatures above 130® 
C. (260® F.), the applicability of these equations to such temperatures is 
held to be uncertain. The small-tube, continuous-flow heat-exchanger wdiich 
provides extremely rapid and uniform heating, should be useful in obtaining 
the necessary experimental data for the clarification of this subject. 

The reported results were obtained in evaporated whole milk of 26 per 
cent solids content. Increasing the solids to 82 per cent slightly increased 
the required sterilizing time. Variations in forewarming treatment pro- 
duced no measurable change in the sterilizing time. Throughout the range 
in treatments represented in figure 2, the color, flavor, and odor of the 
resulting product was superior to that of the conventionally sterilized 
product. The development of certain non-microbial physical and chemical 
changes incident to long storage presents the most serious problem in the 
successful application of high-temperature-short-time sterilization of evapo- 
rated milk (2). 

SUMMARY 

The temperature-time relationships for the destruction of spores in con- 
centrated whole milk by high-temperature-short-time heating are given and 
the method described. 

The required killing time is an exponential function of the temperature. 
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Tlie effects of liigli-temperatiire-siiort-time heating of milk and of its 
concentrate on the heat stability of the concentrate have been described in 
recent publications (7, 8). The work reported here deals with the high- 
teniperatnre-short-tiine^ sterilization of concentrated milk in its relationship 
to some of the properties of the evaporated product and compares these 
properties with those of evaporated milk made in the conventional manner. 

^METHODS AND EQUIPMENT 

The source of milk, the standardization of the milk to a fat to solids-not- 
fat ratio of 1 : 2.29, forewarming, high-temperature heating, condensing, 
homogenizing, pilot sterilizing and cooling were as described by Webb, Bell, 
Deysher and Holm (8). 

New facilities included means for aseptieally packaging the high-short 
sterilized milk. They are described by Curran, Bell and Evans (2). 

Viscosity measurements were made with a MacMichael viscosimeter and 
the values converted to centipoises. All measurements were made at 30° 0., 
the first within 3 days after the milk was sterilized. 

In preparing controls, the sterilizing tempei’atiire was 115° 0. (239° P.) 
and the holding time 18 minutes. 

The sterilizing efficiency of the high-short process for evaporated milks 
was determined by pretreatment inoculation of the milk with washed spores 
of suitable heat resistance f ollow’ed by incubation or subculture of the heated 
samples (2). 

Some of the high-short sterilized evaporated and the imsteiulized control 
concentrates were canned and heated in a pilot sterilizer at 115° C. for 
various periods, cooled in a few minutes and stored at 30° C. with the 
other samples. 

The methods of measuring color were those used by Webb and Holm (9). 

RESULTS 

The influence of the forew^'ming treatment, solids content and steril- 
izing conditions on the heat stability, viscosity and color of evaporated milks 
made from well-mixed portions of the same raw milk are shown in table 1. 

The forewarming treatment had a striking effect on the heat stability 
of the samples. A forewarming treatment of only 65° C. (149° P.) for 10 

Eeeeived for publication May 4, 1944. 

1 Hereafter designated liigh-sLort sterilization. 

013 
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TABLE 1 


The effects of forewarming treatment, solids content, and sterilising conditions on the 
heat staMlity, viscosity, and color of evaporated milks 


Forewarmed 

Total 

solids 

Sterilized 

Heat 

stability 

Viscosity 
at 30° C. 

Color 

At 

For 

At 

For 

°G. 

min. 

per cent 


■min. 

min. 

centipoises 


95 

10 

26.0 



27 

9.0 

1 

95 

10 

26.0 

115 

18.0 


14.5 

4 

95 

10 

32.5 


. 

15 


1 

95 

10 

32,5 

115 

18.0 


260.0 

6 + 

65 

10 

26.0 



3 

7.0 ! 

1 

65 

10 

26.0 

135 

0.5 

53 

8.0 

1 

65 

10 

32.5 



0 

10.5 1 

1 

65 

10 

32.5 

135 

0.5 

16 

15.0 

1 + 

120 

4 

26.0 



84 

7.0 

1 

120 

4 

26.0 

135 

0.5 

95 

8.5 

1 + 

120 


32.5 



35 

14.5 

1 

120 

! ^ 1 

32.5 

135 

0.5 

43 

17.5 

2- 


minutes, altliough. sufficient to protect the milk against the development of 
rancidity, did little to stabilize its concentrate to heat. 

However, after this concentrate had been sterilized by the high-short 
method at 135° C. (275° F.) for 30 seconds its heat stability was 53 minutes 
instead of 3 for the 26.0 per cent evaporated and 16 minutes instead of 0 
for the 32.5 per cent solids content product. 

Under appropriate conditions, 120° C. for 4 minutes is an unusually 
effective milk forewarming treatment for increasing the heat stability of 
concentrated milk (8). Concentrates of this milk that contained 26.0 and 
32.5 per cent solids had a heat stability of 84 and 35 minutes, respectively. 
After sterilization by the high-short method these values were increased 
only to 95 and 43 minutes, respectively. 

The evaporated milk which had a viscosity of 260 centipoises at 30° C. 
curdled during sterilization because the time necessary to initiate coagula- 

TABLE 2 


The effect of heating high-short {IS 5° (7. — 0.5 minute) sterilized evaporated milks in cans 
at 115° C. for S, 6, IB and 18 minutes on their viscosity and color 


Milk 

solids 

1 

Time at 
115° C. 

Whole milk f orewarmed 
at 65° G. for 10 mia. 

Time at 
115° C. 

: Whole milk f orewarmed 

1 at 120° 0. for 4 min. 

Viscosity 

Color 

Viscosity 

1 Color 

per cent 

min. 

centipoises 



centipoises 


26.0 

2 

8.0 

1-f 

2 

8.0 

2 

26.0 

6 

9.0 

2 

6 

8.5 

3- 

26.0 

12 

9.5 1 

24- 

12 

9.0 1 

■3 + 

26.0 

18 i 

10.0 

4-f 

18 

9.5 

5 

32.5 

2 

19.0 

2- 

2 

16.0 

2 

32.5 

6 

25.5 

2 

6 

17.5 

3~ 

32.5 

12 

59.0 i 

4 

12 

21.5 

5 

32.5 

18 

278.0 

6 + 

18 

27.0 

7 + 
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tion in tMs 32.5 per cent concentrate at 115^ G. was only 15 minntes. Tlie 
color valne of this sample and that of the 26.0 per cent evaporated milk 
prepared in the customary maimer was high. The color of the nnsterilized 
milks was only slightly increased by high-short sterilization. 

The effect of sterilizing conditions which are a combination of the high- 
short method of these experiments and of those nsnally practiced on the 
viscosity and color of the milks is shown in table 2. The high solids 
evaporated milk made from high temperature fore warmed whole milk, being 
relatively stable to heat, retained much of its fluidity even after 18 minutes 
in a can at 115° C. Of further interest in this table are the data which 
show that when the high-short sterilized milks were heated in the cans at 
115° C. for 6 minutes their color was not greatly increased. Most of the 



Pig. 1. Effect of widely different forewarming conditions and solids content on the 
viscosity of high-short evaporated milks during storage. Porewaxming treatment of whole 
milk, solids content, and heat stability of evaporated milk are shown on each curve. 
Bottled concentrate was sterilized by heating at 135^ C. for 30 seconds. Control con- 
centrate of 26% total solids content was sterilized in cans by heating at 115° C. for 18 
minutes. 

darker color of the samples heated 18 minutes at 115° C. was imparted 
during the last one-third of this period (see also Webb and Holm, 9). 

In figure 1 are shown the viscosity changes during storage at 30° C. in 
the high-short sterilized and bottled samples- referred to in table 1. The 
contents of these bottles began to lose their fluidity in from 6 to 16 weeks, 
depending on the method by which they were prepared. Thereafter these 
milks thickened rapidly and, in the course of a few more weeks, formed a gel. 

The samples referred to in figure 2 were high-short sterilized and then 
heated in the small cans at 115° C. for the minutes marked on each curve. 
These curves, together with those in figure 3 reveal not only the stabilizing 
effect of the additional heat treatments in the cans but the influence of initial 
heat stability on stability during -storage. 
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Pkj. 2. Effect of time of heating at 115° C. in cans upon the viscosity during storage 
of high-short evaporated milks of 32.5% solids content referred to in figure 1. Minutes 
at 115° C. are shown on curves. 

Figure 3 is similar to figure 2 except tliat it refers to evaporated milks 
of tile composition of the article of commerce. The viscosity or body of the 
samples prepared from high-short sterilized evaporated milk of niiiisually 
high heat stability (95 minutes) increased at a relatively slow rate. The 
viscosity values of these samples remained low twice as long as did those 
of samples of lower heat stability (53 minutes) shown in the same figure. 

DISCUSSION 

The work reported here demonstrates the relative ease with which fresh 
evaporated milk of lighter color can be prepared. This lighter color was 



Eig, 3. Effect of time of heating at 115° C. in cans upon the viscosity during storage 
of high-short evaporated milks of 26% solids content referred to in figure 1. Minutes at 
115° C. are shown on curves. 
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accompanied by a decrease in the intensity of the cooked flavor. Furtber- 
niorej these improvements in color and flavor were permanent, that is, they 
distinguished the aged as well as the fresh high-short sterilized samples from 
those sterilized by heating at 115° C. for 18 minutes. 

None of the samples examined during the course of the experiments 
discussed in this paper had an oxidized or rancid flavor. 

An important difference in the evaporated milks made by the tw^o meth- 
ods is ill the properties of their cream layers. In the high-short sterilized 
samples, and particularly those of low heat stability, as storage changes 
progressed, the cream layer became jellylike, well defined, and deep. It 
ivas of short texture in that it broke cleanly and smoothly as well-firmed 
Cheddar cheese curd does at cutting time. As the heating period in the cans 
was lengthened the cream layer which developed during storage was less 
well defined. It was softer and creamier and the fat in it could be redis- 
persed with relative ease. 

Grindrod (3) recognized the beneficial effect of additional heating of 
quickly sterilized evaporated milk on fat separation during storage in his 
U. S. Patent No. 1,714,597 (1929). On page 9, in lines 83 to 90, he said, 
After such sealing, the filled cans are placed in a sterilizer of suitable 
form, such as now used for sterilized milk, and are given a heat treatment 
for say ten minutes at 230° P., which serves to destroy any accidental bac- 
terial contamination and to bring about the colloidal adsorption which 
prevents separation or churning of the fat.’’ 

The high-short treated milks developed a gel which, when broken before 
it became firm, separated into curds and whey. As the body of the samples 
made in the conventional manner slowly became a gel the material held 
its water better than did that of the high-short samples and, when poured 
or stirred, was more homogeneous. 

A factor which is of importance to the manufacturer of evaporated milk 
is the ability to control the heat stability and to a large degree thereby 
the body of his product. To do this the manufacturer strives to attain a 
concentrate which has a heat stability of a few minutes longer than to about 
twice that of the sterilizing period. Then, by varying the sterilizing con- 
ditions, he can approach the heat stability limit and attain a more viscous 
milk. The greater viscosity retards fat separation during storage and gives 
the appearance of richness to his product. 

During high-short sterilization there is little opportunity to control 
body, and, through a heavier body, the extent of fat separation. 

The difference in storage stability between evaporated milks made by 
the two methods of sterilization presumably was clue primarily to the 
greater effect which the longer time of heating at the lower temperature 
had on the casein as it existed in the concentrates. The longer time of 
heating at the lower temperature apparently made the caseinate less hydro- 
phylic and to this extent caused the less fluid sols to be more stable. 
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It is possible tliat the calcium and magnesium salts, because of the unique 
effect of heat on their solubilities, had a minor influence. Mojoiinier and 
Troy (4) state that tricalcinm citrate is more easily soluble in cold 
than in hot water and that after evaporated milk has aged for a eon- 
siderable time there appears upon the bottom of the cans white, gritty, 
sand-like particles which are lime salts of citric acid or tricalcium citrate, 
Ca3(C6H507)2 + 4H20. Sato (6) ascertained that the small white par- 
ticles which he found on the bottom of a two-year-old specimen of evaporated 
milk were composed of tricalcium phosphate, 0a3(P04)2? magnesium phos- 
phate, Mg3(P04)2, and tricalcinm citrate, CasC 0011507)2. According to 
Pollacei (5) one liter of rain water dissolves 0.0216 gram of tricalcinm 
phosphate at 12.5° and 0.0120 gram at 100°. Chatterjee and Dhar (1) 
found that at 30°, 2.51 grams of Ca3(C6H507)2 + 4 H2O will dissolve in 
one liter of water and only 2.10 grams at 95°, 

When solutions of these salts are heated, considerable time is required 
for attainment of the new soliibility equilibrium. When concentrated milk 
is sterilized by the high-short method the conditions are less favorable for 
attainment of the new salt equilibrium than during the low-long procedure 
and presumably less calcium and magnesium are rendered insoluble. Hence, 
the tendency for the protein particles to swell and form a gel might be 
greater. 

Experiments have been completed which differed in the high-short 
sterilizing treatment and other details but not in the pattern of those 
reported above. Holding periods of a fraction of a second, 15, and 60 
seconds at temperatures of 150, 140, and 125° C., respectively, were em- 
ployed. Although the results of these experiments likewise varied as to 
detail, they do not change the general conclusions. 

SUMMARY 

Highly heat stable high-temperature-short-time sterilized evaporated 
milks of 26 per cent solids content resembled the unsterilized product in 
color, were only mildly cooked in flavor, and were of light body (low vis- 
cosity). When stored at 30° C: they were of fairly satisfactory quality 
for only approximately 4 months. 

Brief heating in cans at 115° C, increased the storage life of these high- 
short sterilized milks. After 18 minutes at this temperature they were as 
stable in storage as evaporated milk made by forewarming the whole milk 
at 95° C. for 10 minutes and sterilizing its 26 per cent solids concentrate 
at 115° C. for 18 minutes. 

In the manufacture of evaporated milk, sterilization at 115° C. for 18 
minutes not only destroys the contained microorganisms and affords an 
opportunity to control the body but it also decreases the firmness of the 
cream layer which forms during storage and increases the ease with which 
the fat in this cream layer may be redistributed in the product. 
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Long continning fluidity and high heat stability in evaporated milk 
are not correlated. Long continuing fluidity is rather due to changes caused 
by heat which are associated with a darker color and a more cooked flavor. 

The solution of problems associated with instability of the product on 
long storage must precede the commercial application of high-short sterili- 
s:ation in the manufacture of evaporated milk. 
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A NEW METHOD FOR INDEXING DAIRY BULLS 


y. A. EICE^ 

Massachusetts State College 

Dairy cattle breeders use many criteria for evaluating breeding worth 
in tlieir animals. Among the best criteria and in descending order of merit, 
stand (A) Progeny, (B) Performance,. (C) Pedigree. It is generally ac- 
cepted that the best measure of an animal ’s breeding or transmitting value 
is the sort of progeny the animal begets. This is especially true in the case 
of dairy bulls, since tbej” tliemselves yield no product. With tlie cow we can 
get performance (a record or records) and relatively few progeny. With 
the bull we cannot get performance in this sense but may get many progeny. 

For a considerable time dairy bulls were judged on the basis of their 
daughters’ production alone. During the past 25 years various methods 
of indexing dairy bulls by comparing their daughters’ production with that 
of the bull’s mates (or daughters’ dams) have been proposed (1-21). 
Hanssoii, Woodward, Yapp, Gifford, Pearl, Gowen, Turner, Goodale, La- 
Master, Wright, Heizer and Norton have contributed ideas on the indexing 
of dairy bulls. Lush (12), in 1933, discussed the general genetic problems 
involved in indexing including the idea of invoking regression proposed by 
H. W. Norton, Jr., in some unpublished data. 

Heizer (9), in 1933, on the basis of his analysis of the extended records 
in a large Ayrshire herd, suggested the use of regression toward the herd 
or breed average in indexing bulls and in predicting the production of 
daughters from dams with records and by indexed bulls. Yapp (20), in 
1938, discussed the relation of regression to selection. 

Many investigators have reported daughter-dam correlations in dairy 
cattle both for amount of milk and butterfat test. These correlations have 
ranged from about 0.2 to 0.5 depending on whether they referred to indi- 
vidual or group correlations, the source of the data and the intensity of 
selection practiced on the daughters or dams, and perhaps on still other 
circumstances. 

The writer has restudied the loroblem of daughter-dam correlations 
especially as it relates to the indexing of dairy bulls. Five of the major 
dairy breeds in America were included in the study which involved the 
following numbers of daughter-dam comparisons: 

Received for publication May 11, 1944, 

1 Tbe writer wishes to thank C. T. Conklin and the Ayrshire Breeders ’ Association ; 
H. W. bTorton, Jr., and the Holstein-Friesian Association of America, Leonard Tufts, 
Br. J. F. Kendrick and Dr. R. G. Schott for their cooperation and helpful suggestions. 
He is especially indebted to Dr. Jay L. Lush of Iowa State College for Hs constructive 
criticisms and guidance. Dr. Lush ^s paper on ascertaining the optimum regression factor 
for use in indexing dairy bulls is on the pages just following this article. 
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Ayrshire 19^885 

Brown Swiss 808 

Guernsey 1^754 

Holstein 23,706 

Jersey 1,656 


First a study was made of individual records. Ttie Aju^sliire Breeders^ 
Association made available about 3000 daug*liter-dani comparisons taken at 
random from tlie breed files at Brandon, Vermont; and the Holstein- 
Friesian Association of America made available about 3500 daughter-dam 
comparisons chosen at random from the breed files at Brattleboro, Vermont. 

Correlation surfaces of this material were prepared and yielded the 
data found in table 1. 

TABLE 1 

Individual daugMer-dam comparisons for amount of mWk and hutterfat test, 
Ayrshire and Eolstein 



Mean 

Standard 

deviation 

Correlation 

Regression 
daughters 
on dams 

Ayrshire Milk, Bams 

Daughters 

8,938 

8,784 

1,832 

1,846 

0.289 + 0.017* 

0.291 

Holstein Milk, Dams 

Daughters 1 

12,050 

12,182 

3,036 

3,147 

0.322 ± 0.015 

0.333 

Ayrshire Butterfat Test, Dams 

Daughters .. 

4.07 

4.08 

0.322 

0.317 

0.482 ± 0.014 

0.474 

Holstein Butterfat Test, Dams 

Daughters... 

- 3.46 
3.51 

0.277 

0.279 

0.433 ± 0.013 

0.436 


* Figures throughout paper are standard errors. 


From table 1 it is evident that individual daughter-dam correlations for 
amount of milk is about 0.3 and for butterfat test about 0.45. These corre- 
lations may incinde much or little from common environment in addition 
to what they include from heredity in the true sense; la., from the fact that 
daughter and dam have half their genes identical and may resemble each 
other in the remaining half as much or little as unrelated members of the 
same breed would. In most eases daughter and dam are tested in the same 
herd. If the environment of that herd is better than average, both records 
are likely to be raised ; if the environment in that herd is less favorable than 
average, both records are likely to be low. Thus the amount of the environ- 
mental contribution to the daughter-dam correlation depends both on how 
widely the average environment differs from herd to herd in the material 
being studied, and on how much influence those environmental differences 
have on the characteristic (milk might be more labile than test, for example) 
being studied. 

GROUP COMPARI^HS 

Next a study was made of groups of dams and their daughters by indi- 
vidual bulls — such data as are commonly used in indexing dairy bulls. Data 



A NEW METHOD FOR INDEXING DAIRY BULLS 


923 


TABLE 2 


Group daughter-dam comparisons for amount of milTc 



Num- 
ber j 
bulls 

! 

! 

Daugh- 

ter-dam 

com- 

pari- 

sons 

Mean milk 

Stand- 

ard 

devia- 

tion 

Correlation 

Regression 
of daughters 
on dams 

Ayrshire 

73 

1 540 

Dams 

Dans 

8,455 

8,142 

1,172 

1,207 

0.479 ± 0.090 

0.493 

Brown Swiss 

109 

SOS 

Dams 

Dans 

9,370 

9,606 

1,350 

1,467 

0.547 ± 0.068 

0.594 

Guernsey 

225 

1,754 

Dams 

Dans 

7,676 

7,730 

1,010 

1,139 

0.617 ± 0.041 

i 0.695 

Holstein 

561 

4,635 

Dams 

Dans 

11,062 

11,288 

1,547 

1,660 

0.550 ± 0.029 

! 0.590 

Jersey 

234 

1,656 

1 Dams 

Dans 

7,234 

7,073 

1 1,051 
1,083 

0.619 ± 0.040 

0.637 








Av. 0.601 


printed in U.S.D.A. Miscellaneous Publications No. 522, May, 1943, provided 
part of the material for analysis and yielded the data listed in tables 2 and 3. 

It is obvious from tables 2 and 3 that higher correlations and regressions 
result when animals are taken as groups, as is done in indexing dairy bulls. 
As individuals, the correlations for amount of milk and butterfat test 
average about 0.3 to 0.4. When taken as groups they rise to 0.5 to 0.6. In 
the groups we have not only the individual correlation but an additional 
amount due to the fact that these groups of dams and their daughters for 
the most part spend their lives on the same farm and, therefore, under very 
similar environments. Lush and his co-workers at Iowa have shown that 
there is a correlation of about 0.20 to 0.30 between cows kept in the same 
barn regardless of relationship.^ 


TABLE 3 

Group daughter-dam comparisons for hutterfat test 



Num- 

ber 

buUs 

Daugh- ■ 
ter-dam 
com- 
pari- 
sons 

Mean test 

Stand- 
1 ard 

1 devia- 
tion 

i 

Correlation 

Regression 
of daughters 
on dams 

Ayrshire 

73 

540 

Dams 

Daus. 

4.05 

4.16 

0.177 

0.194 

0.466 ± 0.091 

: 0.510 

Brown S^viss 

109 

: 808 

Dams 

Daus. 

3.99 

4.04 

i 0.222 
0.232 

0.605 + 0.060 

0.632 

Guernsey ' 

225 

1,754 

Dams 

Daus 

4.83 

4.91 

0.256 

0,262 

0.446 + 0,053 

0.456 

Holstein : 

561 

4,635 

Dams 

Daus. 

3.51 

3.55 

0.181 

0.205 

0.463 ± 0.033 

0.524 

Jersey 

234 

1,656 

Dams 

• Daus 

5.23 

5.31 

■0.340 

0.336 

0.610 + 0.041 

0.602 








Av. 0.545 


2 JouRKTAL OF Dairy Science, 17 : 737-742; 18: 811-825; and 25: 975-982. See also 
pages 279-284 in “Milk Secretion’’ by John W. Gowen. 
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To test this matter of group correlations and regressions further (since 
it is so vital a matter in indexing dairy bulls) the writer secured a list of 
1,095 indexed Ayrshire bulls from the Ayrshire Breeders' Association and 
used the Eed Book Volume 14 of the Holstein-Friesian Association of 
America for data on 961 indexed Holstein bulls, using the records on a C 
basis (M.B. ; 2 x’s, 305 da\'S approximately). 

Correlation surfaces of these materials were prepared and yielded the 
data found in table 4. 

It will be observed in table 4 that the Ayrshire mean milk is lower than 
it was in table 1. The probable reason for this is that the figures in table 4 
go back over a period of 25 to 30 years, while those of table 1 are for the 
most recent Ayrshire records. And in test the figure for Ayrshire dams 
in table 4 is somewhat lower than for daughters or for dams and daughters 


TABLE 4 

Group daughter-dam comparisons for amount of milk and hutterfat test 



Number 

groups 

Mean 

Standard 

deviation 

Correlation 

Eegression 
of daughters 
on dams 

Ayrshire Milk, Dams 

Dans 

1,095 

1,095 

8,451 

8,203 

12,095 

12,051 

1,116 

1,236 

0.571 ±0.020 

' 0.632 

Holstein. Milk, Dams 

Dans 

961 

961 

1,799 

1,839 

0.549 ±0.022 

0.561 





Av. 0.597 

Ayrshire Test, Dams 

Daus. 

1,095 

1,095 

4.02 

4.07 

0.187 

0.186 

0.448 ± 0.024 

0.446 

Holstein Test, Dams 

Daus 

961 

961 

3.44 

3.47 

0.148 

0.178 

0.575 ±0.021 

0.691 






Av. 0.568 


in table 1. The reason for this is that table 4 includes records made by more 
mature cows, test dropping slightly with advancing age. The figures of 
this study show the present Ayrshire breed to average 8,800 pounds of 4.04 
per cent milk so these figures will be used later in this article as the centers 
of tables for “normal expectations.” 

The Holstein data are all of rather recent vintage and thus need no 
explanation. For indexing purposes to be discussed later, we can take the 
present Holstein average to be 12,000 pounds of 3.46 per cent milk and 
we will use these figures for the centers of the Holstein normal expectation 
tables. 

Table 4 shows that the group regressions of daughters on dams for both 
amount of milk and hutterfat test are about 0.5 as was also shown in the 
lesser amount of data in tables 2 and 3. Tables 2, 3 and 4 also show that 
the variability (standard deviation) is reduced by about 30 to 50 per cent 
(contrast with standard deviation in table 1) when the material is treated 
in groups as is done in indexing bulls. 
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The matter of regression may be easily illustrated by a graph as in 
figure 1. 

In figure 1 we have assumed a breed with an average production of 
12,000 pounds. If we graph the groups of cows from 6,000 pounds to 18,000 
pounds (solid line), then the average of their daughter groups will fall 
about on the broken line starting at 9,000 pounds and rising to 15,000 
pounds. From 6,000-pound dams we ‘^normally expect” to get daughters 
at the 9,000-poiind level, i.e., they will regress one-half the way back up to 
the breed average. Likewise from 18,000-pound dams we ‘^normally expect” 



Fig. 1. Grapli showing regression of 0.5 for daughters on dams. Holsteins. 

their daughters to regress one-half the way back down to the breed average. 

Begression, however, is not a mysterious natural law. It is due to two 
things: 1) the fact that phenotype does not necessarily truly mirror geno- 
type (especially in a quality like milk production which is so prone to en- 
vironmental influences) and 2) that animals prodneing toward the extremes 
are unlikely , to be mated to animals as extreme as themselves. 

If the breed average is 12,000 pounds of milk, we normally expect a. 
group of daughters averaging 9,000 pounds from a group of cows averaging- 
6,000 pounds. Whether we would get this or not from any particular bull 
would remain to be seen. From a dozen bulls we might get groups of daugh- 




926 


V. A. RICE 


ters all tlie way from 12,000 to 14,000 pounds down to 6,000 pounds, but 
the average of all of them wwld be about 9 , 000 . There is no mysterious 
force, regression or any other, which will tend to move a 6,000-pouiid herd 
up to 9,000 pounds. If the owner continues to use bulls with a transmitting 
level of 6,000 pounds, his herd will stay at the 6,000-pound level, but if he 
uses average bulls it will climb up toward 9,000 pounds. Likewise an 
18,000-pound herd will not automatically drop to 15,000 pounds. This herd 
is likely to fall back toward the breed average because its owner is likely 
to use average bulls. If he uses bulls with an inheritance of 18,000 pounds 
or more his herd will remain at 18,000 pounds or go higher. 

Eegression (first used by Francis Gallon) is in one sense an unfortunate 
term because to most minds it usually connotes going backward. In the 
biological sense it means, according to Webster, ‘‘the correlation between 
parent and offspring when used as a measure of inheritance.’^ Actually, 
of course, regression is the correlation times the ratio of the two standard 
deviations but since in much biological data the two standard deviations 
are approximately equal, the correlation and the regression often have 
approximately the same value in studies of heredity. Eegression is com- 
monly referred to as “the drag or boost of the breed.” When animals 
get below the breed average their offspring “tend to” climb back up toward 
the breed average, when they get above the breed average they “tend to” 
fall back toward the breed average. In short, regression moves upward from 
below the breed average and downward from above the breed average. 

Some eight or ten systems for indexing bulls have been proposed. Be- 
cause of its simplicity and approximate accuracy, the one known variously 
as the “Equal-Parent,” “Intermediate,” “American” or “Yapp-Hansson” 
index is the one being used by the Ayrshire and Holstein breeds and the 
American Dairy Cattle Club (the only organizations in the United States 
now using bull indexes). The “Equal-Parent” index is generally calcu- 
lated by finding the differences between the average amount of milk and 
butterfat test of a group of cows and the similar averages for their daugh- 
ters by a given bull. For both amount of milk and butterfat test, if the 
daughters’ average exceeds the dams’ average, the difference is added to 
the daughters’ average to secure the bull’s “Equal-Parent” index, or if 
the daughters’ average falls short of the dams’ the difference is subtracted 
from the daughters’ average to secui'e the bull’s index. This system, there- 
fore, always places the daughters just half-way (intermediate) between 
the dams’ actual averages for milk and butterfat test, and the bull’s “Equal- 
Parent” index for milk and butterfat test. 

One form of the “Equal-Parent” index (hereafter called BP) would he : 
Index- 2d ~m where d = daughters’ average and m = dams’ average. 

About a dozen years ago H. W. Norton, Jr., in some unpublished work 
(referred to by Lush in the Journal of Dairy Science, VoL 16 , No. 6) 
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suggested a use of regression of daughters on dams in computing a buirs 
index. His proposal was to substitute daughters’ expectation (from dams 
of given level) for the dams’ actual average production figiire, and then 
proceed in the usual “Equal-Parent” fashion. This formula would be: 
Index = 2d -e where d = daughters’ average and e == daughters’ average 
expectation. 


TABLE 5 


Dams^ actual average and daughters^ expectation centered on treed 
averageSf regression OS 


Milk 1 

Test 

Dams 

Daughters ^ 1 

expectation 

Dams 

Daughters ’ 
expectation 

m 

e 

in 

e 


Ayrshire 


12,000 

10,400 

4.60 

4.32 

8,900 

8,850 

4.08 

4.06 

8,875 

8,837 

4.07 

4.05 

8,850 

8,825 

4.06 

4.05 

8,825 

8,812 

4.05 

4.04 

8,800 

8,800 

4.04 

4.04 

8,775 

8,787 

4.03 

4.04 

8,750 

8,775 

4.02 

4.03 

8,725 

8,762 

4.01 

4.03 

8,700 

8,750 

4.00 

4.02 

6,000 

• o 

• o 
: 

• 

3.60 

3.82 


Holstein 


10,000 

14,000 

4.00 

3.73 

12,100 

12,050 

3.50 

3.48 

12,075 

12,037 

3.49 

3.47 

12,050 

12,025 

3.48 

3.47 

12,025 

12,012 

3.47 

3.46 

12,000 

12,000 

3.46 

3.46 

11,975 

11,987 1 

3.45 

3.46 

11,950 

11,975 

3.44 

• 3.45 

11,925 

11,962 

3.43 

3.45 

11,900 

11,950 

3.42 

3.44 

8,000 

10,000 

3.00 

3.23 


The writer’s proposal is to calculate a bull’s index (hereafter called 
NEW^ because it is based on Normal Expectation and breed averages which 
we intend to designate by IF) by finding the difference between Ms daugh- 
ters’ actual and “normally expected” productions and adding this differ- 
ence to the breed average. This proposal differs from the “Equal-Parent” 
system in that the latter method deals with the actual records of dams and 
1 It might be better to ignore the potentially unfortunate connotation of the word 
Eegression and to call this New index what is actually is viz., Regression index. 
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daiigMers without specific reference to the breed average although, as will 
be shown, this feature could be included. It differs from Norton's proposal 
in that the latter would add the difference between daughters' actual and 
normally expected" productions to the daughters' actual rather than to 
the breed average. Differences in formulae are : 

EP =:d + d- m (d = daugliters, m = dams) 

Norton =:d + d~e (e = daughters ^ expectation) 

NEW = w + d - e (w = breed average) 

Since the Norton index has never been used, it will not be discussed 
further. Its formula including the breed average would be w - (e-m) 
+ 2(d-~e). 

In practice the NEW index could be calculated from tables centered on 
the respective breed averages both for amount of milk and for bntterf at test 
with daughters' expectation rising or falling from the breed average one- 
half as fast as their dams. Nuclei for Ayrshire and Holstein tables centered 
on the present respective breed average are shown as table 5. 

For example if a group of Ayrshire dams averaged 12,000 pounds of 
milk, we would normally expect their daughters (by an average bull — 
regression 0.5) to average 10,400 pounds (e). Let's suppose they actually 
averaged 11,600 pounds (d) or 1,200 pounds above expectation (d-e), 
then this bull's index would be, w-f d-e or 

Breed average 8,800 pounds 

plus 1,200 pounds 

10,000 = the bulPs NEW index 

If tables of normal expectation were not available, tbe normal expecta- 
tion for any group of daughters could be ascertained by adding the respec- 
tive breed averages in milk and test to the dams' average in milk and test 
and dividing by 2. 

Similarly an optional manner of finding a bull's NEW index would be 
to find his EP index in the usual fashion, then add the respective breed 
averages to this EP index and divide by 2. In other words, the NEW 
method simply regresses the EP indexes half-way back to tbe respective 
breed averages. 

It is the writer's opinion that a bull index should he 

1. Sound from a genetic standpoint. 

2- Easily arrived at and understandable. 

3. Calculated in terms of the breed average. 

4. Comparable in variability to groups of animals rather than to indi- 
viduals. 

and that it should do the following things : 

5. Rank bulls in their proper order. 
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6. Provide a definite measuring stick for tlie bull’s transmitting per- 
formanee. 

7. Provide a means for predicting future daugliters’ production. 

8. Provide as accurate a means as possible for evaluating pedigrees. 

The following discussion is a comparison of the EP and NEW systems 
of indexing in regard to tlie above 8 points. 

(1) Sound from a genetic standpoint. Since the normal regressions of 
daiigiiters on dams for amount of milk and for butterfat test are about 0.5 
both the EP and the NEW methods are sound genetically both being based 
on a regression of 0,5. 

(2) Easily arrived at and understandable. There would seem to be no 
choice between the EP and NEW systems in this regard. The NEW index 
can be secured either through the use of tables of normal expectations or by 
regressing BP indexes one-half of the way back to the breed averages as ex- 
ifiained above. Comparable formulae are EP = d -f d - m ; NEW = d + e - m. 

Ill the EP system the index is as much above or below^ the daughters’ 
averages as the dams are below or above, in other words the daughters are 
half-way between the two parental levels. In the NEW system the index 
is as much above or below the breed averages as the daughters exceed or 
fall short of ‘‘normal expectations.” 

(3) Calculated in terms of breed averages. Both the EP and the NEW 
index systems can be calculated in terms of breed averages. The formulae 
are EP = ’w -t- 2 (d - e) ; NEW = w -h d - e. In the writer’s opinion it would 
be desirable for breeders to become cognizant of their respective breed aver- 
ages. They would then have a definite measuring stick for their own and 
ail other herds in the breed, so much above or below breed average. If a 
herd of Holsteins averaged 16,000 pounds, normal expectation would be 

14.000 pounds ; assume daughters averaged 15,000 pounds, breed average is 

12.000 pounds, then w = 12,000 ; d = 15,000 ; e = 14,000 ; therefore, 

EP = w + 2 (d - e) or 12,000 + 2,000 = 14,000 index. 

NEW = w + (d - e) or 12,000 + 1,000 = 13,000 index. 

(4) Comparable in variability to average of groups of cows rather than 
to individual records. In the writer’s opinion this would be desirable be- 
cause indexes are computed from groups of eow^s and their daughters and 
because the index may be used as one limit, the group average (dams) as the 
other to predict the probable level of production of the resulting daughters. 
In pedigree evaluation, we have learned by experience to discount the 
extremely high or low records of cows, to reduce the variability in a general 
way. It seems likely that we must learn to do the same sort of thing with 
BP indexes. The NEW method of indexing bulls does this automatically, 
since it reduces the EP indexes above the breed average and increases those 
below the breed average, the NEW index being only one-half as far removed 
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in eitlier direction from the breed average as is its corresponding BP index. 
To eiiange any EP index to NEW index, we can simply add the breed aver- 
ages to the former, divide by 2 and we have the latter. 

The following table shows the variability of individuals, groups, EP 
indexes and NEW indexes for the Ayrshire and Holstein breeds. 

It is seen from table 6 that the variability of the NEW index method 
is in keeping with that found in groups w^hile the variability of the EP 
index method is in keeping with that found in individuals. Since in all 
indexing and use of indexes individuality is necessarily sacrificed to the 
group average, the writer believes the NEW method is to be preferred 
over the EP in this regard. 

(5) Kank bulls in their proper order of production transmitting merit. 
It is well to bear in mind that no system of indexing can be any better than 

TABLE 6 


Standard deviations of dangJiters, dams, EP and NEW indexes 




Ayrshire 


Holstein 



No. 

Milk 

Test 

No. 

Milk 

Test 

Individuals 

(2,973) 

Bams 1,832 

Bans 1,846 

0.322 

0.317 

(3,446) 

3,036 

3,147 

0.277 

0.279 

Groups 

: (1,095)^ 

Bams 1,116 

Bans 1,236 

0.187 

0.186 

(961) t 

1,799 

1,839 

0.148 

0.178 

EP indexes 

(1,095) 

2,108 

0.377 

(961) 

2,986 

0.301 

NEW indexes 

(1,095) 

1,054 

0.188 

(961) 

1,493 

0.150 


* 29,324 individuals, 
t 31,050 individuals. 


the records on -which it is based. If the daughters of bull A are fed and 
eared for on a higher plane than those of bull B and the person making 
the rating does not know this, or knowing it makes no allowance for it, 
then bull A is going to appear in a better light than bull B. The environ- 
ment of both the cows and their daughters will affect the size of any bull ’s 
index. An index, in other words, is a relative, not an absolute, matter, made 
up of items of inheritance and items of environment. In the discussions in 
this paper we are of necessity assuming comparable environments. 

Bulls can be ranked in a variety of ways. The writer thinks that from 
a production standpoint, it is best to rank Ayrshires, Brown Swiss or 
Milking Shorthorns in terms of 4 per cent fat corrected milk (Gaine^ 
formula — 0.4 amount of milk plus 15 times total fat). The corresponding 
figures for the other principal dairy breeds are Holstein (3.46 per cent test), 
0.435 amount of milk plus 16.33 total fat; Jersey (5.26 per cent test), 0.336 
amount of milk plus 12.62 total fat; Guernsey (5 per cent test), 0.35 amount 
of milk plus 13 total fat. 

Here are BP indexes for 3 Ayrshire bulls : 
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Bull A 12,740 lbs. milk 3.87per cent 493 lbs. butterfat 
Bull B 12,158 4.04'' " 492 " " 

Bull C 11,545 " " 4.47" " 516 " " 

In amount of milk they rank A, B, C ; in test they rank C, A, B ; in total 
butterfat they rank C, A, B. A consensus of these three rankings would 
also place them C, A, B. The 4 per cent fat corrected . milk of the above 
three EP indexes are : 

A 12,491 C 12,358 B 12,255 

and the same figures for the NEW indexes are : 

A 10,698 0 10,564 B 10,537 

The BP and NEW systems will rank any given series of bulls in the same 
order since both systems are based on a regression of 0.5. EP indexes above 
the breed average (as in the example just cited) will be reduced, those 
below the breed average will be increased by the NEW method since the 
variability of the NEW method is just half as great as that of the EP. 

(6) Provide a definite measuring stick for a bulPs transmitting per- 
formance. 

In this respect the NEW index method would seem to have two distinct 
advantages over the EP method. In the first place the NEW index provides 
an immediate and clear-cut evaluation of any bulPs production-transmitting 
ability in terms of the respective breed average. A Holstein NEW index 
of 14,000 pounds of 3.66 per cent tells one at once that this buiPs daughters 
exceeded ^‘normal expectations’’ by 2.000 pounds and 0.2 per cent since 
14,000 pounds, 3.66 per cent test is 2,000 pounds and 0.2 per cent test above 
the present breed average of 12,000 pounds, 3.46 per cent test. And sec- 
ondly, the NEW method avoids a possible ambiguity present in any system 
based on a comparison of dams’ and daughters’ actual production. The 
EP method compares dams’ and daughters’ actual production so that if 
in Holsteins the dams averaged 8,000 pounds and the daughters 9,000, the 
hull gets a rating of 1,000 plus, and an BP index of 10,000 pounds. But 
from 8,000-pound Holstein dams, we normally expect 10,000-pouiid daugh- 
ters so that this bull failed by 1,000 pounds to get his daughters up to normal 
expectations. Compared to an average Holstein hull, his rating is 1,000 
minus and his NEW index is 11,000 pounds. In the NEW method which 
compares daughters’ actual with their normally expected production, there 
ftiould be no ambiguity in the pluses and minuses secured since the com- 
parison tells directly whether the hull is better or worse than an average 
bull and how much better or worse. 

Stating the difference between daughters and dams as simple pluses 
or minuses does not provide a necessarily accurate description of any bull’s 
breeding worth because there is no standard point of reference. Since 
the normal expectation for daughters from dams below the breed average 
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is upward, bulls used in low producing herds generally show an increase 
of daughters over dams, these bulls thereby getting a plus or positive 
rating in dam-daughter comparisons. On the other hand, the normal 
expectation from dams above the breed average is domiward so that bulls 
used in high herds generally show a decrease in their daughters, these 
bulls thereby getting a minus or negative rating in dam-daughter compari- 
sons. If many breeders focused major attention on just the increases or 
decreases of daughters compared to dams, they would generally be favoring 
all bulls used or proved in low producing herds and rejecting bulls used 
or proved in high producing herds. If this happened the breed (and its 
breeders) would be harmed. Actually i the bulls used in low producing 
herds and i of those used in high producing herds should be favored and 
the other half of each rejected. Most of the bulls used in loiv producing 
herds will show an increase of daughters over dams, but only that half 
of the bulls whose daughters exceed normal expectations should be favored. 
Most of the bulls used in high producing herds will show a decrease of 
daughters compared with dams, but the half of these bulls whose daughters 
exceed normal expectations should be favored and only the other half 
rejected. In terms of indexes, Holstein bulls wuth indexes below 12,000 
pounds of 3.46 per cent milk should be rejected and those above these 
figures favored. The amount by which a Holstein bull NEW index exceeds 
12,000 pounds of milk and a 3.46 per cent test measures directly his merit 
from a production standpoint. Comparable figures for Ayrshires are 8,800 
pounds of 4.04 per cent milk. 

(7) Provide a means for predicting future daughters^ production. 

The writer made a brief study of the predicting value of indexes when 
used in conjunction with the average production level of the bull’s mates. 
In order to do this, 103 Ayrshire bulls w^ere selected at random. All of 
these bulls had 15 or more daughter-dam pairs, , they averaged 35 daughter- 
dam pairs. Indexes for each of these bulls were calculated on the basis 
of their first 10 daughter-dam pairs. For each bull this index was used in 
conjunction 'with the average production of his later mates in order to 
provide a prediction for the later daughters. The prediction could then 
be compared with these later daughters’ actual average production. Since 
both the EP system and the NEW system are based on a regression of 0.5, 
the misses of prediction from actual were the same on the average, and for 
these data the average errors were about 700 pounds of milk and 0.12 per 
cent in test with the ranges running from 0 to 2,400 pounds of milk and 
0 to 0.45 per cent test. 

The Prediction formulae are : 

0.5 EP Index + 0.5 Dams^ average Production. 

NEW Index + 0.5 Bams^ —0.5 Breed averages. 
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The average production of the first 10 daughters in this material gave 
practically as accurate a forecast of future daughters as either EP or NEW 
indexes used in the appropriate manner in eonj unction with later mates’ 
records. The average error using daughters alone was about 800 pounds of 
0.13 per cent milk and with about the same ranges of error as found with 
indexes. For 86 of these 103 bulls which were used in only one herd, the 
average error in prediction was a little less than 700 pounds and 0.12 in 
test. For the remaining 17 bulls which were proved in one herd and then 
transferred to other herds, the average error was a little over 900 pounds 
and 0.14 per cent test. It would, of course, be erroneous to conclude that 
a bull will not transmit as well in the second herd as he has done in the 
first. He may transmit worse, but, of course, he may transmit better. What 
he appears to do will depend a lot on the environmental levels in the two 
herds concerned. It also will depend a lot on the genetic levels in the two 
herds. The genetic make-up of the cows in the second herd may not be 
as good a ‘‘fit’’ for the bull as was that of the cows in the first herd. On 
the other hand, of course, it may be better. 

We should not confuse the matter of predicting future daughters with 
that of evaluating bulls. Daughters alone will predict future daughters, 
especially if the future daughters are to be produced in the same herd and 
out of much the same kind of dams, but daughters alone will not distinguish 
between or among bulls because the level of the dams’ production does 
influence their daughters’ production. We might have two groups of 
Ayrshire daughters both averaging 9,200 pounds of milk, but the sires of 
these 2 groups of daughters are not necessarily similar in their breeding 
powers. If bull A’s mates averaged 7,000 pounds, we would expect their 
daughters to average half-way up to 8,800 or at the 7,900 pound level — 
they actually avei*aged 9,200, so bull A is 1,300 pounds better than an 
average bull in milk transmitting ability. If bull B’s mates averaged 
11,000 pounds, we would expect the daughters to average 9,900 pounds, but 
they too did 9,200 pounds, so bull B is 700 pounds below an average buU, 
These 2 bulls differ by 2,000 poimds of milk although their respective daugh- 
ters’ averages were the same. 

(8) Provide as accurate a mean as possible for evaluating pedigrees. 

The problem of evaluating the probable genetic worth of any animal 
from its pedigree is a difficult one at best, since pedigrees as currently 
written include only the selected direct ancestors and in most instances 
include only the most favorable data on these animals. Added to these 
man-made handicaps is the biological fact that inheritance is a halving and 
sampling process so that even thongh one knew a pedigree completely in 
terms of indexes and records, both for the direct and collateral relatives, 
he still would not know, except by testing and indexing, what sort of a 
sample half of each parent’s inheritance the animal in question received 
and how they “nicked.” 
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Since the direct ancestors are likely to have been carefully selected the 
cows^ records and the bnirs indexes are likel^^' to be above the breed average 
in perhaps most instances. Experience has taught us to discount in a gen- 
eral way the extreme variations from the average which we find in the 
records of the cows in any pedigree. It seems probable that we would also 
have to learn in time to discount somewhat the EP indexes. If, for example, 
we had a Holstein pedigree like the following schematic pedigree what de- 
ductions would we be justified in making about genetic production level of 
Animal A f 


Sire 

18,000 EP 


Bam 

18,000 record 


‘ Grd. Sire 

18,000 EP 

Gd. Bam 
_ 18,000 record 

' Gd. Sire 

18,000 EP 

Gd. Bam 

18,000 record 


Encountering the figure 18,000 all through this pedigree has a tendency 
to make one think that this animal must have an inheritance at about that 
level. However, it seems doubtful that we would be justified in aseribihg 
an inheritance of 18,000 to Animal A although, of course, chance may have 
provided this or possibly even more. We now know that these 18,000-pouiid 
EP indexes indicate that these bulls ^ daughters produced 8,000 pounds more 
than normally expected since 18,000 is 6,000 above the Holstein breed aver- 
age of 12,000. The more cautions among us would feel that we should at 
least moderate the cow’s record in the schematic pedigree shorn. 

In terms of the NEW index these 18,000-pound EP indexes become 
15,000, which has the advantage of informing us that the daughters of these 
bulls produced 3,000 pounds more than normally expected at whatever level 
their dams may have been. We can, if we like, also regress the cows’ records 
through which they also become 15,000. In the writer’s opinion, the re- 
gressed cows’ records and the NEW indexes of 15,000 pounds is a more 
probable estimate of the genetic worth of Animal A than that likelj" to he 
derived from the actual records and the EP indexes. At least it might be 
a welcome change to err occasionally on the safe side. 


SUMMARY 

Individual regression of daughters on dams in dairy cattle is of the order 
of about 0.3 for amount of milk and 0.45 for butterfat test. 

Group regressions are of the order of 0.5 to 0.6 both in amount of milk 
and butterfat test. 

The *'Equal“Parent” index is based on a regression of 0.5 for milk 
and butterfat test, but this fact is perhaps not generally appreciated, 
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nor are tlie respective breed averages generally used in computing EP 
indexes. Tlie ^'Equal-Parent” index formula using normal expectation and 
breed average is w-r 2 (d-e) where w== breed average^ d = daughters^ 

1 1x5 XX- w + dams" ave. 

average, e = daughters expectation ^ • 

A NEW method of indexing, based on normal expectation and breed 
average, is suggested herein, its formula being w + d - e. 

The NEW method compares daughters' actual production with their 
normal expectation rather than with their dams’ actual production. 

The variability of NEW indexes is of the same order as is that of groups 
of cows. 

The variability of EP indexes is of the same order as is that of individual 
cows. 

Either EP or NEW index method will place bulls in the same order of 
rank from highest to lowest. 

The NEW index makes it possible to ascertain a bull’s worth from a 
production standpoint by comparing the index directly with the respective 
breed averages, so much better or worse than breed average, through its 
incorporation of "normal expectation” as a measuring stick of any bull’s 
transmitting performance. 

Either the EP or NEW index system used in the appropriate manner 
with the average record of a group of cows will predict the production of 
future daughters reasonably accurately and perhaps a little more accurately 
on the average than will the average of an earlier group of daughters. 
Daughters’ records alone, however, are not a safe guide to the genetic level 
of a bull or at least not as good as indexing, which automatically includes a 
consideration of the mates’ level of production; an important item so far as 
their daughters’ ability is concerned. 

The NEW method of indexing would appear to make pedigrees look more 
nearly like what they are genetically than does the EP method. It would 
provide a measure of conservatism so often and so badly needed in pedigree 
writing and interpretation. 
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THE OPTIMUM EMPHASIS OX DAMS’ RECORDS WHEN 
PROVINQ DAIRY SIRES'^ 


JAY L, LUSH 
loica State College 

INTRODUCTION 

Yearly all of tlie proposals for expressing numerically the transmitting 
ability of a dairy sire are special forms of the general equation : 

I = a-c(X~bY) (1) 

Where I =; the index or measure used for comparing one sire with another. 

a =: a constant which brings the average of the whole group of indexes to the 
desired level but does not alter the difference between any tw^o sires, 
c 3= a constant which can be used to expand or contract the variability of I without 
changing any correlation between it and other variables. 

X = the average record of the daughters of the sire. 

Y = the average record of the dams of those daughters. 

b =3 a constant which determines the relative emphasis on Y as compared with X. 

Wlien only the average of the daughters is used as the proof of a sire, 
equation (1) becomes: I = X; /.e., a and b are each zero while c is 1.0. At 
the other extreme when the sire proof is considered to be simply the increase 
or decrease of his daughters over their dams, a is zero but b and e are each 
1.0, whence I = X - Y. The most widely used sire index (known by various 
names, such as intermediate, equal-parent, modified Mount Hope, etc.) sets 
a equal to zero but b to 0.5 and c to 2.0; i.e., 1= 2(X-0.5Y). The recent 
proposal^ by V. A. Rice of a ^‘NEW” index is simply to let c = 1.0, b = 0.5, 
and a =: b times the breed average ; whence I - 0.5 (breed average) + X - 0.5Y. 
Turner long ago (page 24 in Missouri Research Bullet iu 79 in 1925) pro- 

posed to let I =^(X - 0.15Y) i.e., a = zero, b = 0.15, and c These 

oD o5 

examples show what diverse kinds of indexes are all included as special cases 
of equation (1). 

The real accuracy of an index is measured by its correlation with the true 
transmitting ability (G) of the sire for which it is computed. The amount 
of improvement made in the offspring by selecting bulls with equal intensity, 
but according to Ii, to I 2 , . . . or to In, is strictly in proportion to Tgi,, 
... or rain. The size of b affects i’ig but a and c do not. 

The object of the present paper is to show what value of h will make Tqi 
as large as is possible for any index of the type described by equation (1). 
Also some related problems of using an index are discussed. These ideas 
Beceived for publication May 11, 1944. 

* Journal Paper No. J— 1213 from tbe Iowa Agricultural Experiment Station. Project 

317 . 

1 See preceding paper, tbis issue. 
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and findings arose largely as a result of discussions witli Professor V. A. Rice 
about Ms ‘"NEW” index. Helpful suggestions from him and the use of his 
data for reference are gratefully acknowledged, but he is not to be held 
responsible for the conclusions or interpretations in the present article. 

PREDICTING G FROM Y AND X 

Perhaps the simplest derivation of (1) is the ordinary multiple regres- 
sion equation for predicting G from Y and X. The path coefficient diagram 
for that, and the pertinent formulas for the best possible prediction of G 
from X and Y jointly, are shown on the left in figure 1. 



Eig. 1. Biometric relations between daughter ayerage (X), average of mates (Y), 
and breeding value (G) of sire. Left : Predicting G from X and Y. Right : Correlation 
between G and any index (I) which is the sum or difference of any multiple of X and any 
multiple of Y with or without the addition or subtraction of any constant. 


If ray is zero, the formula for b simplifies greatly to : Txy 


Covariance XY 


Ox 

j 

Oy 


. . , LC., to 


That is, the optimum value of b is the regression of X on 


Variance Y 

Y, as Rice maintains. If Tgy is a small positive, the optimum valne of b will 
be somewhat less, as is shown more clearly by rewriting the formula for b 
(figure 1) as follows: 


Ox 

, - j-XY 

Oy L 


rGY(l-r“xT) 


Tgx — J 

The last term within the brackets goes to zero when Tgy does but must have 
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a positive value wlieii fgy does, since Tgx is practically certain to be con- 
siderably larger, than Tgy* 

Tbe Tgx will be positive and of considerable size because eacb daughter 
gets half of her 6 as a sample half of her sire’s G. Bacb daughter’s record 
(0) is partly determined b^' her own G. Many of the other factors which 
can make her record large or small will be random from one daughter to 
another and hence will tend to cancel each other in the average (X) of 
several daughters. The relation between Tgx and tgo is as follows : 

I 

Tgx rGo 2 + (n - 1) w 

where there are n daughters and the correlation between the records of 
paternal sisters is w. In most dairy data collected from many different 
herds but analyzed as a single population, w is around 0.2 to 0.3, much of 
this coming from environmental differences between herds, although w also 
includes r-Qo- Hence in most data used for proving dairy sires Tqx will be 
something like 1.5 to 2.0 times as large as rao- Reasonable values for roo 
(approximately half the square root of the heritability of differences between 
individual cows) in most dairy data are around 0.2 to 0.3 for quantity of 
milk or fat and around 0.3 to 0.4 for test. 

For Tqy to have a positive value requires that there be a general tendency 
for the breeders who already have high producing cows to try harder than 
average, and for the breeders who have cows with low records not to try as 
hard, to get good bulls to mate with them. Further, such a difference in 
efforts would produce a positive tqy only to the extent that the breeders esti- 
mate correctly the breeding values of the bulls at the time of choosing. Pre- 
sumably there is some difference of this kind in the efforts made but this 
gives Tgy only a very small positive value because the correlation between 
the real transmitting ability of an untried young bull and the purchaser’s 
estimate of that from the bull’s pedigree, or from other information available 
when the bull is first put to work, is generally small. We shall not be far 
wrong if we proceed on the assumption that i’gx is much larger than Tqy 
although the latter may not be quite as low as zero. 

How a positive correlation between G and T could lower the proper 
value of b is readily understandable w^hen one reflects that if those breeders 
whose herd averages are already high do generally succeed in buying young 
bulls with better-than-average breeding value, then a man seeking to find the 
best young bulls will have some degree of success if he does nothing but 
choose the bulls being used in herds which already had better-than-average 
production at the time those bulls were introduced. This is the line of 
thought we follow when we sometimes infer that a young hull bought for use 
in a high-producing herd is probably an exceptionally good bull or he would 
not have been selected for use in that herd. (Of course we are often wrong 
in such an inference, but there may well be a gambler’s margin in favor of 
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it.) Under siicli conditions Y becomes a positive indicator of G in its own 
rigiit and not merely a negative indicator, useful for discounting the effects 
of environmental differences from herd to herd and the effects which genetic 
differences between groups of mates have on the records of their daughters, 
which is its usefulness when roY is zero. 

MAXIMIZING THE CORRELATION BETWEEN I AND G 

The optimum value of b can also be found, by setting up the equation for 
Tgi as indicated on the right side of figure 1, differentiating it with respect 
to b, and then finding what value of b will make that differential equal to 
zero. That value of b turns out to be the same as is shown on the left side of 
figure 1, as of course it should be. The two ways of finding the optimum 
value of b are the same in principle. 

actual values pound for b 

The values found by Eice for the regression of X on Y for milk in seven 
sets of data ranged only from 0.49 to 0.70 with an unweighted average of 
0.60. For fat test the same sets of data yielded values ranging from 0.45 to 
0.69 with an average of 0.55. Using 0.5 for b in dairy data will be nearly 
correct, especially if ray has some small positive value. On page 33 of the 
report of the New Zealand Dairy Board for 1943 a table of expectations for 
fat production indicates that the regression of X on Y (the proper value of 
b if Tqy is zero) in those data is about 0.58 to 0.62. This table is based on 
20,150 daughter-dam pairs which were used in proving 1395 sires. Paren- 
thetically it may be noted that, since the observed regressions are a little 
larger than 0.5, the daughter-dam difference seems just a shade more accu- 
rate as a sire index than the daughter average alone. 

gain prom considering the records op the mates 

The amount of improvement made in the next generation by selecting on 

the basis of I is times the improvement to be made by selecting (with the 
Fgx 

same intensity) for X alone. If Tqy is zero, this factor reduces to — 

Vl-rlxY 

which in Eice’s data has values ranging from 1.14 to 1.27, with an un- 
weighted average of 1.21 for milk, and from 1.12 to 1.26 wdth an unweighted 
average of 1.18 for test. Making some rough allowance for Tqy having a 
small positive value and for the fact that in actual practice the value used 
for b will not always be the exact optimum value for that particular set of 
data, the use of I would make improvement from sire selection something 
like 12 to 20 per cent faster than if X w^ere used alone. Thus the gain from 
using properly the records of the mates along with the records of the 
daughters when proving a sire is not extremely large in dairy data, although 
it certainly is real. 
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It is sometimes argued that the gain from ineliidiiig the mates is not 
enough to balance the loss from excluding those daughters which are out of 
untested dams. For this to be true would require that there be few daughters 
out of tested dams, that there be many out of untested dams, and that the 
correlation between the records of daughters of the same bull be low. If this 
latter correlation is as low as 0.24 and bulls are selected on the records of 
their daughtei’s alone, progress will be 11 per cent faster when they have 
ten daughters than when they have five ; if the correlation between daughters 
is -r 0.30, the corresponding gain will be 9 per cent instead of 11, while with 
a correlation of 4- 0.36 it will be increased only 7 per cent, and with a correla- 
tion of +0.42 it will be increased only 6 per cent. The above correlations 
are about what exist betw’een paternal sisters in various aspects of Riee^s 
data on Ayrshires and Holsteins. Therefore the loss from omitting entirely 
the daughters from untested cows would rarely equal the gain to be had by 
considering Y properly, even if that required omitting half the daughters. 
Moreover, wiiere the record of a mate is missing, one could substitute almost 
as well in the index the average of the other mates or (better still) the aver- 
age of that daughter’s contemporary herd mates who are not by the same 
sire. AYith the spread of herd testing, as contrasted with testing only selected 
individuals, the proportion of daughters w’ho are out of untested dams be- 
comes ever smaller, more of the mates having been tested themselves as 
daughters in the proving of some earlier sire. 

It thus appears that almost the only cost of getting the extra 12 to 20 
per cent of progress to be had by including the records of the mates is the 
clerical cost of assembling and computing their records. 

CAUSES OP THE CORRELATION BETWTEEN X AND T 

The correlation between the records of individual daughter and dam has 
generally been reported as of the order of + 0.3 to + 0.4 in most studies of 
data collected from many different farms but analyzed as a single popula- 
tion. Why such a correlation wnll usually be different from the rxy w’hich 
describes The data as they actually are grouped in the proving of sires is 
explained as follows. Figure 2 shows, in terms of path coefficients, how Txy 
is constituted. The letters have the following meanings: 

O = the record of a daughter. 

D = the record of a raate. 

r = the correlation between the record of a daughter and the record of her o’^vn dam. 

v = the correlation between the record of a daughter and the record of a mate of her 
sire other than her own dam. 

u = the correlation between the records of two mates of the same sire. 

w = the correlation between the records of two daughters of the same sire. 

In the numerator of Txy (formula shoAvn in figure 2) v occurs n - 1 times 
as often as r. The denominator starts out as 1.0 when n = 1 but, as n becomes 
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iiicIefiliitelT large, tliis deiioniinator tends toward n times tlie geometric mean 
of n and w, ie,^ toward n\/ uw. It seems simplest to think of Txy as a com- 

V 

plex average consisting roughly of one part r and n-l parts Most 

of this shift of Txy from r toward an expression which is mainly dominated 
by V, n, and w, is usually accomplished by the time n is as large as five. The 

regression of X on Y is ^ r when n = 1 but tends toward — • — as n becomes 
CD CD n 

indefinitely large. 



Fig. 2. Biometric relations between X and Y, showing how Txy is constituted of 
r, v, u, and w, and may be very different from r. 

In proving dairy sires, n has a minimum value of five (in the Dairy 
Bureau procedure — ^six, ten, or more in various of the registry association 
procedures), but is usually variable in any list of proved sires from which 
Txy may be calculated. That is, sires which have been proved on exactly five 
daughter-dam pairs will be included in the same list with sires which have 
been proved on six, seven, or more pairs. Variations in n cause Txy or h or 
ox^ or to shift from one limiting value toward another in proportion to 
the changes in the reciprocal of n. Therefore, the harmonic mean^ of n 
2 The. harmonic mean of n is the n which has a reciprocal equal to the mean of the 
reciprocals of the actual n 's. 
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sIiodH be used wben analyzing into tbeir constituent parts (r, u, and w) 
the Txyj b, cx or oy computed on a population of proven sires in which n was 
a variable. The harmonic mean will be less — sometimes considerably less — 
than the arithmetic mean. For example, the first 220 indexed sires in Vol- 
ume 14 of the Holstein-Friesian Red Book had n’s varying from 6 to 83, 
although for half of them n was 12 or less. The arithmetic mean was 15.2 
while the harmonic mean was 11.2. For the first 152 Holstein proved sires 
in Mise. Pub. 522 from the U. S. Dept, of Agr. the arithmetic mean was 8.77 
but the harmonic mean was 7.60. Here n ranged from five to 35 but half 
the sires were proved on seven pairs or less. Among the 73 Ayrshire proved 
sires listed in the same publication, the arithmetic mean was 7.40 and the 
harmonic mean was 6.88. 

In table 1 are shown the values for ii, w, and v computed from the data 
Rice shows in his tables 1 and 4. Because the statistics on X and Y (Rice’s 

TABLE 1 


The ingredients of ?*xr Mce^s data on Eolsteins and AyrsMres 


Statistic 

MUk 

Test 

1 

AyrsMre 

Holstein 

Ayrshire 

Holstein 

3.1 

0.29 

0.32 

0.48 

0.43 

v" 

0.26® 

0.18 

0.12 i 

0.18 

U® ! 

0.36® 

0.28 

0.28 

0.22 


0.47® 

0.28 

0.28 

0.36 

2(r-v) 

0.06® 

0.29 

0.72 

0.61 


^ As given by Eice. 

^ Computed from tbe values of in Rice’s table 4, substituting tlie values given for 
r ill his table 1 and the values computed here for u and w. 

® Computed from the formula: 

Ud" n 

^ Computed from the formula: = — - — — 

® Somewhat inflated because the data in Rice’s table 4 include a considerable time 
trend. 

® The correct figure here will be larger than this by about twice the size of the bias 
mentioned in footnote 5. 

table 4) came from a slightly different sample of Herd Improvement 
Registry data than the statistics on 0 and D and because in dairy data the 

standard deviation tends to vary with the mean, Rice’s observed — and — 

Od Oo 

were multiplied by the ratio of the corresponding means before edmputing 
u and w. Even after this correction, the figures for u, w, and v are still 
inflated (as compared with r which comes wholly from Rice’s table 1) wher- 
ever the data from Rice’s table 4 covered a longer period in which there was 
a marked time trend. This seems to have been important only for the Ayr- 
shire milk. The data concerning Ayrshires in table 4 were collected over a 
period of 25 or 30 years, whereas the Holstein data go scarcely half that far 
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back. For Ayrshire milk the time trend was marked, since the means in 
Kice’s table 1 are 7.1 per cent larger for daughters and 5.8 per cent larger 
for dams than the corresponding means in his table 4. For Ayrshire test 
and for the Holstein data the time trend was too small to have much effect 
on the present analysis, the maximum increase of any of these means in his 
table 1 over the corresponding mean in his table 4 being only 1.2 per cent. 
For computing the n, w, and v shown here in table 1, the observed harmonic 
mean of 11.2 was used for n in the Holstein data and 11.5 was used in the 
Ayrshire data. (The Ayrshire arithmetic mean actually was 13.39 but the 
distribution of n was not available for computing the harmonic mean 
directly.) 

Causes of r, u, v, and w 

Figure 3 shows how r, u, w”, and v are caused partly by differences in 
breeding value and partly by differences in environment. Environment is 
used here to include all other causes of variation in the records except differ- 
ences in the genetic value of the cows which made them. 

The meaning of the symbols is as follows : 

g® is the fraction of the phenotypic variance (oq" or cr^") due to additively genetic 
differences hetiveen individual cows. 

e- is the fraction of the phenotypic variance which is not additively genetic, 
d is the genetic correlation between mates of a sire. It has a moderate positive 
value because some of the mates are related to each other and also because 
some breeders try harder than others to breed and select for high production, 
m is the average genetic correlation between the sire and a mate. It will be very 
little above zero, since most breeders try to avoid even mild inbreeding. 
Assertive mating on somatic likeness must be indirect since the male cannot 
exhibit the characteristic himself. Hence assertive mating can contribute 
but little to m. Moreover assertive mating is not extreme for these charac- 
teristics, since no one tries intentionally to mate low producing cows to bulls 
with unusually low production in their pedigrees. 

Tee is the correlation between the non-genetie causes of variation for the individual 
denoted by the subscripts. It has a moderately large positive value because 
herds differ much from each other in their management, as well as in xmeon- 
trolled eimronmental conditions such as weather, condition of pastures, etc. 
Generally Teb will be larger between daughters than between mates, or than 
between a daughter and a mate, because the daughters’ records are more 
nearly contemporaneous and thus are subject to more nearly the same peculi- 
arities of management and weather or other environment. 
r^E exists only to the extent that the herds with the highest intrinsic breeding 
values are also fed and managed better than the average herd, while herds 
udth low intrinsic breeding values are fed and managed less vrell than aver- 
age. There may well be some of this in dairy data but tge must be small 
because of the uncertainty concerning the breeding value of the average 
animal while it is yet alive and because no one intentionally tries to collect 
and breed low producers. The G and the E in Xge pertain to different 
individuals. 

The environmental terms and the terms for cross-correlations between 
genetic and environmental causes of variation (figure 3) are almost the same 
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ill r as they are in v, except when a sire is proved in two or more herds. In 
such cases the environmental term included in r is certain to be larger than 
the corresponding one in v. Because their other terms are so nearly the 
same, subtracting v from r leaves a remainder which comes close to equalling 

- — -_h. Doubling this and then making allowance for d yields an esti- 


mate of the heritability of differences between records of mates of the same 
sire. Figures for 2 (r - v) are shown in the bottom line of table 1. Dividing 
these by something like 0.85 to 0.95 (to allow a reasonable amount for d) 



Com 

position of r,u,v, and w. 


Centtic 

♦•rm 

Environm«ntQl 

t«rm 

Terms from correlotion 
beivfOftn Heredtt^ 
ond Environment 


u = 



W = 


V = 

To,!!,* gV”) 
2 

+ egr^,^ 

T» 


+ egT,^^+ egT,^,„_ 

T- 

v» ) C'f 

oil doug^rttr* were tested in one herd) 

W- 

U= g*(l+2m-3<i) 



Fig. 3. Patli coefficient diagram showing the causes of the correlations hetween the 
records of daughters and of dams. 

yields estimate of heritability of intra-breed differences between cows. A 
small amount should then be deducted from that to allow for the (compara- 
tively few) eases in which a sire was proved in two or more herds differing 
(of course) somewhat in management. The estimate of milk in the Ayrshire 
breed is certainly too low because of the time trend which contributed con- 
siderably more to u, w, and v than it did to r,^ as was mentioned above. The 
3 The figure for r came wholly from Eiee ^s table 1 which covered only a short period 
of time. The figures for u, w, and v came from differences or ratios hetween statistics in 
his table 1 and in his table 4, the latter having extended over a considerably longer period. 




946 jay l. lush 

three other estimates are compatible with most of those derived from other 
studies, namely something under 0.3 (perhaps under 0.2) for differences in 
milk records and something of the order of 0.5 to 0.7 (or less if the data 
included many sires which each had daughters in more than one herd) for 
differences in test. A strong influence of contemporaneity on Ayrshire milk 
and Holstein test may be indicated by w being so distinctly larger than u, 
but perhaps that needs confirmation on more extensive data before effort is 
spent on finding an explanation for it. Certainly the daughters’ records 
would generally have been made within a more restricted range of time than 
the records of the dams. 

The similarity of rxY in the data for Herd Improvement Registry (Rice’s 
table 4) and in the Dairy Bureau data for Dairy Herd Improvement Associ- 
ations (Rice’s tables 2 and 3) tempts one to suppose that heritability and the 
other factors affecting sire proving are the same in both kinds of data. How- 
ever, the numerical value of rxY depends more on the ratio of v to u and w 
than it does on the difference between r and v. The topic merits further 
study. 

OPTIMUM variability FOR SIRE INDEXES 

The variability of a sire index does not alter its accuracy (provided there 
are at least 16 to 20 classes from the lowest to the highest figure) but may 
affect considerably its convenience in use and its susceptibility to misinter- 
pretation. The variability of the index can he made as large or as small as 
one chooses by altering the value of c. Two plausible definitions for the 
variability whicli a sire index should have for maximum eonvenienee in 
actual use are as follows : A. The index should equal the most probable breed- 
ing value of the sire. B. The index should have the same standard deviation 
as the records of cows. 

The theoretical advantages of standard A are obvious. It expresses the 
sire proof directly in terms of the goal for which indexes (and indeed all 
forms of progeny testing or estimating breeding value) are intended. Under 
it the c of equation (1) should make ci == raiCG- To do this requires that c be 

approximately • -z — — which in the data pertaining to dairy sires 

comes close to 2g^. For example, it has values of 1.65, 1.82, 2.10, and 1.84 g^ 
in Rice^s table 6 for Ayrshire milk and test and Holstein milk and test, 
respeetivelj^ Unfortunately the value of g^ is not known with high cer- 
tainty (ic., within really narrow fiducial limits) in any population. In 
most dairy data it seems to be around 0.15 to 0.30 for quantity of milk and 
somewhat higher — ^perhaps above 0.50 — ^for test. Moreover g^ will vary a 
bit as there is more or less care in controlling or correcting for environmental 
variables, a larger or smaller number of daughters, whether single records 
or lifetime averages are used for daughters and for dams, etc. 

Attempting to state the proper numerical value for e turns the spotlight 
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on tlie practical difficulty of using standard A, namely the uncertainty about 
the precise value of g^ to use, the variation (usually slight) in that from 
one population to another, and the large variation in from one character- 
istic to another, with the resultant necessity of using one formula for test, 
another for milk, etc. Also many will think ^ ^ most probable breeding value ’ ^ 
is more theoretical and intangible than an actual record (D or 0) which is 
a familiar and very real thing to them. If standard A is used, the index 
of a sire cannot be compared directly wuth the record of a cow until the cow’s 
record is first translated to the scale of ‘^probable breeding values” by 
regressing it 1 - g^ of the way toward the breed average. 

Any change from one standard to another wull always cause considerable 
confusion. It would be unfortunate to adopt standard A now" and start 
indexing sires, using 0.40 as c for milk and 0.80 as c for test, onl}" to find 
three or four years later that 0.50 and 1.10 or 0.30 and 0.70 w’ould have been 
more accurate for most dairy populations. Eventually w"e may come to 
standard A or something very similar, but the change should first receive 
considerable scrutiny and much trial and actual practice. 

Standard A automatically discounts the records for the average amount 
of non-genetic variation in them and thus protects the user against too easily 
falling a victim to his wishful thinking. No index can be guaranteed to 
show the breeding values of each individual proven sire correctly but a scale 
which is just as likely to rate an individual too low as too high is less sus- 
ceptible to misinterpretation than one on which the high indexes are gen- 
erally higher and the low indexes are generally lower than the breeding 
values of the sires to wdiich they apply. 

Standard B puts the indexes of sires and the records of dams on an equal 
footing, so that they can be compared directly.^ For oi to equal od exactly 


4 Strictly speaking, this requires that mean I and mean D be approximately equal 


(since in most dairy data X differs little from T) and that — ~ where Gd is the 

I'lG I*I>Gd 

breeding value of the cow who has record D. The writer has shown (Jour. Dairy Sci., 
18: 1-19. 1935) that Tig and rica will not be far apart if heritabHity is larger than 0.10 
and especially if (as seems almost always to be the case in dairy data collected from 
several herds) the environmental contribution to the correlation between daughters of a 
sire is + 0.10 or larger. The argument may be reviewed here in slightly different terms 
by referring to the composition of Tig as shown in figure 1. When Tgy = zero and rxy = 0.5, 


4 

— Now Igo is half the correlation between a daughter 
3 

record and hex own breeding value. This latter correlation will be the same as between 
a dam^s record and her breeding value (ri>Gd), except as more intense selection among the 
dams than among the daughters may have reduced XoGa slightly and more lactations per 


riG reduces to Tgo \L — 

\1 + (n-l)u \ 


dam than per daughter may have raised ruGd. 


Hence is approximately — • which 
ri>G{j Cx V3 

isn T very far from unity. It has values ranging from 0.86 to 0.99 in Eiee ^s table 6 but 
perhaps should be increased a little to allow for the dams having been a bit more highly 
selected than the daughters were. In short, selection of dams on their own records will 
rarely be either much less or much more accurate than selection of sires on their indexes. 
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requires that c = If Tqy is zero aud Txy = 0.5, this 

V Gx^ "T b"Cy“ — "brxyOxCy 

is ^ / 7 - 2 : — r — ^vhich, for most of the likely values of ii and w, gives 

\3 

c a value not far from 2.0 — ^more often a little less than a little more. Kice’s 
table 6 would require for c values of 1.74, 1.71, 2.03, and 1.85, respectively, 
to make the index conform exactly to standard B. The EP index, now 
rather widely used, has 2.0 for e and therefore comes fairly close to stand- 
ard B. The EP index cannot be equalled for simplicity of computation, 
among indexes which use an approximately correct value for b. 

If the index is used only for comparing the sires with each other and with 
cows, no further step than standard B is necessary. For reducing indexes 
(or records of cows) to breeding values or for predicting the production of 
future offspring the indexes (or records) need to be regressed toward the 
average of the breed far enough (l-g*^ of the way) to allow for the average 
amount of non-genetic variance in them. If this second step is neglected or 
not understood, the user of indexes constructed according to standard B (or 
the user of eow’s' records) may easily build hopes too high (in terms of 
actual pounds or per cent) on the bulls or cows with the high figures and 
may damn more severely than he should those with low figures. 

In principle standards A and B differ only in that the regression toward 
the breed average is built into’’ the operation of figuring the index under 
A and hence is already accomplished when the index is obtained, while B 
requires two steps to reach the same goal. The first step yields the index 
itself, %vhich can be compared directly with the records of cows but is more 
variable than breeding values. The second step (which is not necessary for 
comparing sires with each other or with cows and hence is often omitted) 
is to estimate probable breeding value from the index b^^ regressing it 1 ~ g- 
of the way toward the breed average. 

Eice’s NEW index, which uses 1.0 for c, comes near to standard A for 
test but the proper value for c for quantity of milk is not that large. The 
breeding values of sires for amount of milk or of fat will generally be nearer 
to the breed average than their NEW indexes. The NEW indexes are simply 
EP indexes regressed half way toward the breed average — the NEW 
index for each bull is exactly half way between his EP index and whatever 
constant figure is used for the breed average in computing the NEW index. 
Since this difference is only one of coding the EP index is divided by 
two and then has a constant added to it to form the NEW index), the two 
indexes have the same correlation with any other variable and are equally 
accurate for comparing one sire with another. . 

predicting the actual production op future daughters 

For predicting the production of a future daughter the correct procedure 
in principle is simply to average the most probable breeding values of the dam 
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and the sire. Then this average should be raised or lowered enough to allow 
for the environment in whieh the daughter is to make her record being better 
or worse than average. But in practice we rarely have any direct measure 
of that environment. Probably the average record of that herd for the most 
recent two or three years could be used advantageously for this purpose, but 
this is not yet being done generally. The environment pertaining to the 
daughter will usually be correlated slightly (something of the order of 0.2 
to ^ 0.3) with the record of her dam if she and her dam make their records 
in the same herd. It will usually be still more closely correlated (something 
of the order of -r 0.4 to -f 0.6) with the index of her sire if she is to make her 
record in the same herd as the one in which her older sisters made the records 
on whieh that index is based. In this latter case the sire index assumes a 
large part of the predictive value which would attach to the direct measure 
of the daughter 's herd environment if such a measure were available. Be- 
cause of its lower correlation with the herd environment, the dam’s record 
does not assume much of this predictive value for environment if the sire 
index was made in the same herd but it does assume considerable if the 
daughter is to make her record in the same herd as her dam but in a differ- 
ent herd from that in which her sire was proved. If the daughter is to make 
her record in a herd in whieh neither her dam nor her sire’s earlier daughters 
were tested (an uncommon ease in dairy data), then both the sire’s index 
and the dam’s records are useful only for their genetic relation and neither 
of them will help as an indicator of the herd environment under whieh the 
daughter will make her record. 

If sire indexes are to be used almost solely for estimating the production 
of future daughters, either singly or in groups, then one can make a good 
case for building into the index enough extra variation to allow also for its 
importance as an indicator of non-genetic circumstances (he., for the kind 
of environment ) which will prevail for that daughter or those daughters. 
But D also should receive extra weight for its real, although generally lesser, 
usefulness for the same thing. This leads at once to four different scales for 
oi and gd (or four different factors hy whieh to multiply them), according 
to whether the future daughter is to make her record in the same herd as her 
dam and her older paternal sisters, in the same herd as her dam but a differ- 
ent one from her sisters, in a different herd from her dam but the same herd 
as her sisters, or in a different herd from either her dam or her sisters. 
Possibly there is some simple way of doing that but it seems to the writer 
probable that the simplest way will be to use standard A (which is standard 
B regressed 1-g^ of the way toward the breed average) and then modify 
the prediction up or down according to whether the most recent average of 
the herd in which the daughters are to be tested is above or below the breed 
average. 

Predictions of the production of an individual future daughter cannot 
be expected to be highly accurate. A correlation of around 0.1 to 0.2 — i.e., 
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g- times the square root of one-half — ^between the actual and the predicted 
record of the iiidividnal daughter (for quantity of fat or milk — a bit higher 
for test) is about as much as can reasonably be expected if the dam has only 
one lactation and the sire’s proof was of only average accuracy and the 
daughter is to make her record in a different herd. Although this would be 
raised distinctly if the dam is judged by all of her records and if there were 
three or more of those, and if the sire’s proof is unusually accurate by reason 
of a large number of daughters and unusually careful discounting of the 
environmental eireiimstances which applied to his daughters and mates, yet 
it seems unduly optimistic to expect by that means to attain an average 
accuracy as high as a correlation of -f 0.4 between actual record and pre- 
dicted record. 

The average production of n future daughters can of course be predicted 
more accurately than the production of one daughter. This is only an anto- 
uiatie result of the averaging process and does not introduce any new bio- 
logical principle. The averaging permits many of the chance circumstances, 
which cause a daughter to produce more or less than was predicted, to cancel 
each other’s effects in the average of n daughters. The correlation between 

prediction and fact is ^ 3- — times as large when predicting the 

\ l-i-(n-l)w 

average production of n daughters as when predicting the production of one 

daughter. Also ox is only as large as oo and this of itself 

makes the error of prediction seem smaller, if that error is measured in 
actual pounds or percent instead of being measured relative to ox or oo. The 
net result is that in actual units the standard error of estimating the average 


of n daughters is only ^ ^ \ as large as the standard error of 

V n(l-t2) 

estimating one daughter, where t is the correlation between prediction and 
fact when predicting one daughter. 


SUMMARY 

Nearly all sire indexes which have been proposed can be described by 
the general equation, I = a + e(X-bY), in which a, b, and e are constants, 
X is the average production of the daughters, Y is the average production 
of their dams and I is the index. 

The size of a affects only the general level (the mean) of the indexes. 
The size of c affects the variability of I but not its accuracy for comparing 
the breeding values (G) of two or more indexed sires. The size of b affects 
the acuracy of the index as well as its variability. 

The main contribution of this paper is in showing that maximum accu- 
racy of the index is attained when b If raY^zero this 

oy 



DAMS^ RECORDS WHEN PROVING DAIRY SIRES 


951 


optiniiini value of b becomes simply the regression of X on Y. If Tqy has 
a small positive value (as is possible if breeders whose cows have high records 
generally try harder than other breeders to get good bulls — and if the extra 
efforts are partially successful) the optimiiiii value of b is a little less than 
the regression of X on Y. The regression of X on Y is about 0.5 to 0.6 
both for milk and for test in most sets of data actually used for proving dairy 
sires. The optimum value for b in dairy data will, therefore, be not far 
from 0.5. 

If rGY is zero, selection of sires on the optimum index, as thus defined, 

will make — -- times as much progress as choosing the sires on the 
V 1 *" I'“XY 

average of their daughters alone. The size of this factor, when Pgy is 
very small and r^y has such values as are usually encountered in proving 
dairy sires, is abont 1.12 to 1.20. 

The size of Ixy or of the regression of X on Y is affected more by the 
correlation (v) between a daughter’s record and the record of a mate of her 
sire, other than "her own dam, than it is by the correlation (r) between a 
daughter and her own dam, especially when n is large. The regression of 

Y V 

X on Y approaches -- and Txy approaches — ;= as a limit when n becomes 
u ^/uw 

extremely large, u being the phenotypic correlation between the mates of 
the same sire and w being the phenotypic correlation between daughters of 
a sire. 

A sire index can be made as variable as desired by adjusting c. The 
value 2.0, used for c in the intermediate or equal-parent indexes makes oi 
generally just a little larger than od or co- This index can be used rather 
fairly for comparing proven sires directly with individual cows, as is neces- 
sary in evaluating pedigrees. It is, however, more variable than real breed- 
ing values. Consequently, if it is to be used directly as the sire’s most 
probable breeding value, the index needs first to be regressed far toward the 
breed average (just as cows’ records do) to allow for the average amount of 
non-genetic variation in such indexes. Approximately this amount of re- 
gression would already be accomplished in an index which used for c twice 
the heritability of differences between the records of indmdual cows. Eiee’s 
proposed "^NEW” index, which uses 1.0 for c, is the equal-parent index 
regressed half way toward the breed average. It is, therefore, half as varia- 
ble but has exactly the same accuracy. 




THE RELATIVE CONCENTRATIONS OP DAM AND FETAL 
LIVER GLYCOGEN* 


C. B. KNODT AITD W. E. PBTEESEN 
Division of Dairy Susbandry, University of Minnesota, St. Paul, Minnesota 

The composition of the blood of calves immediately following birth 
differs in certain respects from that of their dams. It was reported by 
Knodt, Shaw, and White (3) that the blood acetone bodies of calves at 
birth are significantly lower than that of their dams. Bodden and Allcroft 
(1) presented data demonstrating higher levels of blood sugar, serum 
calcium, inorganic phosphorus, and non-protein nitrogen but a lower level 
of chlorine in the blood of calves as compared to their dams at the time 
of parturition. Because of the relationship which apparently exists between 
the calves and their dams relative to the concentrations of blood glucose and 
acetone bodies, it was decided to determine the levels of liver glycogen of 
feti and their dams and compare these observations with those previously 
made. 

EXPERIMENTAL 

Previous work has showui that the level of blood glucose of calves at 
birth is higher than that of their dams. It would appear that a somewhat 
similar relationship might exist wuth regard to the concentrations of liver 
glycogen. A high level of liver glycogen in calves should be important in 
the maintenance of a higher concentration of blood glucose and a lower 
level of blood acetone bodies in calves following birth as compared to their 
dams. It is obvious that data relative to the concentrations of liver glycogen 
are difficult to obtain and involve the destruction of the animals. The 
animals used in this work were those passing through a local abattoir. 

The age of the feti was estimated as 8 to 9 months. The cows were killed 
in the usual manner and the samples of the left lobe of the dam and fetal 
livers were removed immediately for glycogen analyses. The tissue samples 
were placed in warm, previously weighed 50 per cent potassium hydroxide 
and the glycogen analyses were made by the method of Good, Kramer, and 
Somogyi (2). Data are presented in table 1 on 20 cows and their feti. The 
average concentration of fetal liver glycogen was 4.12 per cent whereas 
that of the dams averaged 0.25 per cent. In no case was the level of fetal 
liver glycogen lower than that of the dam. The level of fetal liver glycogen 
varied from 2.67 per cent to 5,36 per cent while that of the dams varied 
only from 0.15 per cent to 0.38 per cent. 

Received for publication May 11 , 1944 . 
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Tlie low level of glycogen in tlie dams’ livers was probably due in part 
to tlie effect of inanition since these cows had probably not been fed for at 
least 24 hours previous to slaughter. It is significant that the feti were 
able to maintain a comparatively high level of liver glycogen in spite of 
the extremely low level of liver glycogen of their dams, 

A somewhat similar relation may exist in normal cows where these levels 
maj not differ so markedly. When these observations are related to the 
comparative levels of blood acetone bodies of calves and their dams at the 
time of parturition (3) it will be observed that there is an inverse relation- 

TABLE 1 

Concentration of glycogen in dam and fetal livers 


ExxDt. No. 

Concentration of liver glycogen ( % ) 

Eetus 

Bam 

1 

4.50 

0.20 

2 

3.85 

0.24 

3 

3.29 

0.22 

4 

5.41 

0.27 

5 

3.48 

0.21 

6 

3.88 

0.26 

7 

5.06 

0.35 

8 

4.23 

0.17 

9 

2.96 

0.28 

10 

3.52 

0.26 

11 

4.22 

0.38 

12 

4.76 

0.31 

13 

5.02 

0.18 

14 1 

4.90 

0.27 

15 

5.36 

0.23 

16 

4.16 

0.23 

17 

4.40 

0.34 

18 

3.86 ! 

0.18 

19 

2.67 

0.26 

20 

2.93 

0.15 

Average 

4.02 

0.25 


ship between the levels of liver glycogen and the level of blood acetone 
bodies. It has been observed that the level of acetone bodies is higher in 
the dam than in the calf at the time of parturition. It has been shown that 
the feti maintain a higher liver glycogen under the conditions of the experi- 
ments. This is in direct agreement with the observations of Bodden and 
Aileroft (1) demonstrating the higher blood glucose level of calves as 
compared to their dams. 

Observations have been presented by Eodericky Harshfield, and Hawn 
(4) in which it was shown that the liver of a new-born lamb possesses a 
glycogen reserve of 2 to 3 times that of the liver of the ewe. They performed 
biopsies and removed portions of the livers of ewes and lambs which showed 
evidence of ketosis of starvation and showed that abnormal deposition of 
fat had occurred in these livers. Evidence was also presented to show that 
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upon feeding tiiese animals until they had returned to normal the fat had 
been gradually removed from the liver and glycogen had been stored. 

Samples Avere taken from the livers of 15 calves from 3 to 6 weeks of 
age. The age was again estimated. The samples AA^re taken from the left 
lobe of the liA^ers immediately after the cahms Avere killed but shoAved 
considerable variation in the concentration of liver glycogen. The average 
of these samples AA’as 2.60 per cent with a range from 0.24 per cent to 7.81 
per cent glycogen. 

It appears that the levels of various compounds such as liver glycogeiij 
blood glucose and acetone bodies, serum calcium, inorganic phosphorus, 
non-protein nitrogen, and chlorine are maintained at levels in the feti which 
are to a certain extent independent of the levels concurrently present in 
the dam. 

CONCLUSIONS 

1. The fetus is able to maintain a much higher level of liver glycogen 
than that of its dam under the particular conditions encountered in these 
experiments. 

2. There appears to be an inverse relationship between the concentra- 
tions of liver glycogen and blood glucose as compared Avith acetone bodies 
between the fetus and its dam at the time of and prior to parturition. 
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THE STIMULATION AND INHIBITION OP MILK SBCEBTION IN 
GOATS WITH DIETHYLSTILBESTROL^’^ 

JOHN P. IIIXNER,* JOSEPH IIEITES* AiTD C. W. TURNER 
From the Department of Dairy Hnshandry, Vniversity of Missouri, 

Columbia, Missouri 

Eeseareli work of the past few years has suggested the rather anomalous 
fact that the administration of estrogens (and diethylstiibestrol) in certain 
amounts may be effective in stimulating the initiation of milk secretion in 
virgin or parous iion-laetating animals while at the same time established 
lactation may be seriously depressed by these same hormones. Policy cf aL 
(4, 5, 6), Lewis and Turner (8, 9, 10, 11), Walker and Stanley (25), and 
Eeece (20, 21) have adequately demonstrated that diethylstiibestrol, a sjn- 
thetic estrogen, will initiate lactation in dairy goats and cattle. Many 
investigators (see Meites and Turner (14) for review) using the smaller 
experimental animals have claimed that estrogen can diminish or completely 
suppress lactation and, in fact, was the mechanism by which lactation was 
held in check during pregnancy (24). In goats de Fremery (7) reported 
depression of lactation with estrogen and in cattle Policy (2) and Walker 
and Stanley (25) observed similar effects. These latter workers suggested 
that large amounts of estrogen inhibit while smaller amounts stimulate 
milk secretion. 

If lactation is inhibited by large amounts of estrogen (or diethyl- 
stilbestrol) the mecliaiiism of this inhibition should be sought since Meites 
and Turner (14) showed that diethylstiibestrol even in relatively huge 
closes increased the lactogenic hormone content of the pituitary of rats and 
guinea pigs. Further, if the use of diethylstilbCvStrol is to become a prac- 
tical procedure for the initiation of lactation in sterile animals, the dosages 
which will stimulate lactation in various species must be cleaiiy differ- 
entiated from those which will suppress lactation. 

PROCEDURE 

The goats used in these experiments were grade Toggeiiburgs. They 
were fed a mixed grain ration and either lespedeza or alfalfa ha}^ and were 
milked twice daily. During the experimental periods diethylstiibestrol 
dissolved in olive oil wms injected subcutaneously once daily or was. 
administered orally by capsule. 

Received for publication May 11, 1944. 
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EXPERIMENTAL, RESULTS 

Initiation of lactation. The first section of this paper is eoiieerned with 
the initiation of iaetation in five virgin yearling goats by the injection of 
0.25 mg. per day of diethylstilbestrol, a dosage which was found by Lewis 
and Turner (11) to be optimal for this purpose in goats. Injections in 
these goats (Nos. 258, 351, 176, 355 and 569) were started on September 
8, 1942, and were continued until January 9, 1943. Injections were re- 
initiated on Pebruaiy 8, 1943, and were continued for nearly another 
month at which time the experiment was terminated by taking a mammary 
gland from each animal for histological study. Milking of these animals 
was started on December 9, 1942, and was continued through the balance 
of the experiment. 



Fig. 1. The milk production records of five virgin female goats in which lactation 
was induced by the daily subcutaneous injection of 0.25 mg. of diethylstilbestrol. Injec- 
tions were started on September 8, 1942, and were continued through January 9, 1943, 
were reinitiated on February 8, 1943, and were continued through the balance of the 
experiment. 

As may be seen in figure 1, there was a great variation in the amount of 
milk given daily by the individual goats under identical treatment. It is 
interesting to note that there was no special reaction in milk yield when the 
diethylstilbestrol was discontinued on January 9, 1943. However, when the 
administration of diethylstilbestrol was reinitiated on February 8, 1943, 
there was an immediate drop in milk production in all goats. This drop 
vras quickly recovered and in two instances (Goats 351 and 176) the milk 
production which followed was considerably higher than that previously 
attained. It will be noted in the ease of Goat 569 that milk secretion was 
not initiated at all until after the start of the second period of diethyl- 
stilbestrol administration. 
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A report on the state of mammary gland growth in these animals at the 
end of the experiment (February 24 , 1943 , for Goats 258 and 569, and March 
3, 1943, for Goats 351, 176, and 355 ) has already been made (18). This 
study of the mammary glands indicated that milk production was roughly 
proportional to the amount of mammary gland growth secured. The highest 
prodiieing goat (No. 258) had a rather extensive development of the lobule- 
alveolar or milk secreting system, while the low producing goat (No. 569) 
showed only a hypertrophy of the duet system with limited milk secretion. 
It would seem, then, that individual goats vary widely in their lactation 
response to dietliylstilbestrol, primarily because of the great difference in 
mammary growth elicited by the standard dosage of diethylstilbestrol. Of 
course, it is also possible that the lactogenic hormone of the anterior pitui- 
tary was not stiiiiiilated to the same degree in the various animals by the 
diethylstilbestrol. 



Fig. 2. A record of milk production and diethylstilbestrol administration in fire 
parous goats. Note the depression in milk production coincident with the injection of 

1.0 mg., 2.0 mg, and 4.0 mg. of diethylstilbestrol daily for ten-day periods, respectively. 
Also note the depression in milk production starting October 6, following the oral adminis- 
tration of diethylstilbestrol. 

Inhibit ion of lactation. The second section of this paper is concerned 
primarily with the effect of varying dosages of diethylstilbestrol on estab- 
lished lactation in parous goats. The usual procedure was to inject the 
diethylstilbestrol daily over a ten-day period and then allow a ten-day 
post-injection period. By the trend of milk production over these periods 
the effect of the diethylstilbestrol injections could be determined. 

In preliminary trials three goats were used to determine the effect of 
daily injections of 0.1 mg. and 0.2 mg. of diethylstilbestrol on milk pro- 
duction. No effects on milk production ascribable to the diethylstilbestrol 
could be detected. In two other goats the effects of 1.0 mg., 2.0 mg., and 

4.0 mg. of diethylstilbestrol daily on milk production -was studied. The indi- 
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cations from these two goats were that 1.0 mg. of dietliylstilbestrol daih” 
inliibited milk production slightly while 2.0 and 4.0 mg. dosages of diethyl- 
stilbestrol daily were very definitely inhibitory in nature. However^ these 
goats were in an advanced stage of lactation and the results may have 
been iiifiueiieed to some degree by this fact. 

Therefore, in later tiuals five goats were used in similar studies. Three 
of these goats (Nos. 437, 304 and 403) were in early stages of lacation while 
the tAVo other goats (Nos. 837 and 514) were in more advanced stages. 
Ten-day periods of dietliylstilbestrol injections were followed by ten-day 
periods in which no material w^as injected. The daily dosage of diethyl- 
stiibestrol during the first injection period w^as 1.0 mg., followed in subse- 
quent injection periods by 2.0 and 4.0 mg. daily. The course of these injec- 
tions and the milk production records of the goats are presented in figure 2. 
From this figure it will be noted that the lactation is inhibited in all cases 
by the dosage of dietliylstilbestrol injected, the degree of inhibition being 
proportional to the dosage. Recovery in milk production was effected in all 
cases ill which the original level of milk production was relatively high 
(Goats 437, 304 and 403). 

RELATION OF ORAL TO SUBCUTANEOUS ADMINISTRATION 
OP DIETHYLSTILBESTROL 

The oral administration of dietliylstilbestrol in small experimental ani- 
mals and in man has been quite effective in comparison with subcutaneous 
administration. In ruminants, however, there appears to be large losses 
ill the digestive tract. Foliey ef al. (4) gave 1 gm. as a drench to a cow 
without effect on lactation. Lewis and Turner (11) observed that 5 mg. 
per day orally ivas less effective than 0.25 mg. per day injected subcu- 
taneously in stimulating lactation in goats. Zondek and Sulman (26) have 
observed that many types of microorganisms inactivate dietliylstilbestrol. 
It appears likely that the microorganisms in the rumen may be responsible 
for the relative ineffectiveness of this hormone when given orally. 

The rather nuiform depression of milk secretion in Goats 437, 304 and 
403 with increasing dosages of dietliylstilbestrol (fig. 2) presents a method 
for determining the relative activity of dietliylstilbestrol administered 
orally as compared to that subcutaneously administered. Thus on October 
6, 1943, oral administration of diethylstilbestrol w^as initiated, Goat 437 
receiving 160 mg. daily, Goat 304 receiving 80 mg. daily and Goat 403 
receiving 40 mg. daily for a ten-day period (fig. 2). The lower dosages 
were rather ineffective or only slightly effective in inhibiting lactation while 
the highest dosage was slightly effective. In a subsequent period. Goat 
437 received 480 mg. of diethylstilbestrol orally daily. The suppression of 
lactation secured with 480 mg. of diethylstilbestrol orally roughly approxi- 
mated that secured in the same goat with 4.0 mg. administered subeii- 
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taiieoiislr. These results would indicate then that dietiiylstiihestrol is 
roiiglilr 1 per cent as active in inhibiting lactation when administered orally 
to goats as compared to subcutaneous administration. Presumably^ this 
same relationship would be true for lactation-stiinulatiiig dosages. Thus if 
0.25 mg. of dietliyistilbestrol subcutaneously is effective in stiiiiiilatiiig lac- 
tation, 25 ing. would be required to be equally effective orally. 

DISCUSSION 

The experiments with goats reported in this paper serve to distinguish 
between a lactation-stiiiiiilating dosage and a lactation-inhibiting dosage of 
dietliyistilbestrol. The variability in the response of goats on the iaetation- 
stimulating (0.25 mg) level raises the question whether a slightly higher 
dosage might have stimulated greater mammary gland growth and lactation. 
It is also possible that 0.5 to 1.0 mg. per day might stimulate more extensive 
growth of the gland even at the expense of lactation and that upon the 
reduction of the level to 0.25 mg., the lactation-stimulating, response would 
predominate. 

The data presented confirm and extend the earlier observations of 
Polley (2, 3) "Walker and Stanley (25) and Lewis and Turner (11) that 
certain levels of diethylstilbestrol will depress established lactation. The 
present observations indicate that the inhibition is temporary and lactation 
may actually return to as high or higher level following the period of 
administration, at least in early stages of lactation. 

The large oral requirement of diethylstilbestrol in comparison to the 
subcutaneous dosage points to huge losses in the rumen or other parts of the 
digestive tract. This is unfortunate as diethylstilbestrol might otherwise be 
added to the grain mixture of sterile animals to initiate the lactation process. 

Meites and Turner (14, 15, 16, 17) suggested that lactation is initiated 
at about the time of parturition by the presence of increased amounts of 
physiologically active estrogen acting upon the pituitary and stimulating 
the secretion of increased amounts of the lactogenic hormone. The action 
of the lactation-stimulating dosage of diethylstilbestrol would fit in with 
this theory. The fact that large amounts of diethylstilbestrol do not inhibit 
the secretion of the lactogenic hormone necessitates another explanation for 
the lactation-inhibiting action of this compound. 

It has been suggested that estrogen may inhibit milk secretion by acting 
directly upon the secreting cells of the mammary gland (Nelson, 19). 
There are several reasons to believe that the action of estrogen in producing 
an increased hyperemia and permeability of the vascular system of the 
iiianiiiiarj" gland would be favorable to the transfer of milk precursors to 
the secreting epithelium (Mixner and Turner, 18). 

During the past few years, it has been demonstrated that diethyl- 
stilbestrol causes enlargement of the adrenal cortex (see 1, 12, 22, 23 for 
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revlpw). This elfect is produeed through die mediation of the fiitiiitaiy 
and, presiiiiiabh’', bv the stimulation of increased secretion of the adreiio- 
eorticotropliie hormone. Certain hormones secreted by the adrenal cortex 
are known to increase the rate of cleaminizatiDii of the amino acids (protein 
catabolism) with the product ion of glucose (12). If the process of deainiiii- 
zation were to he carried on too actively, the nitrogenous precursors of milk 
protein would become limited and the milk secretion process might be 
expected to be inhibited. 

It is significant that dietliylstilbestrol (22, 23), aclreiiocortieotrophie 
lioriiioiie (13) and certain adrenal cortical hormones have depressing effects 
upon the growth process also. It is believed that both milk secretion and the 
growth process are depressed by the same chain of events steiiiiiiiiig from 
the action of dietliylstilbestrol upon the pituitary and the adrenal. Other 
factors wdiieli are known to cause adrenal hypertrophy would be expected 
similarly to depress milk secretion -(23). 

The adrenal hypertrophy observed in some species during late pregnaner 
and the return to normal size during early lactation may explain the 
meehanisiii of control of the rising segment of the lactation curve. Patho- 
logical conditions at the time of parturition, such as retained placenta, 
which would maintain adrenal hypertrophy would inhibit milk secretion 
so long as tlie condition persisted, 

SUMMARY 

The relation between lactation-stimulating and lactation-inhibiting 
dosages of diethylstilbestrol in dairy goats was established in these experi- 
ments. A daily dose of 0.25 mg. of diethylstilbestrol constitutes a lactation- 
stimnlating dosage in nonparous goats while dosages varying from 1 to 4 
mg. per day were progressively lactation-inhibiting in laetating goats. 

As Judged by the lactation-inhibiting effect, diethylstilbestrol orally ad- 
ministered is only about 1 per cent as effective as wdien administered sub- 
eutaneously. 

The laetation-stimulating effects of small dosages of diethylstilbestrol 
are due to its ability to stimulate the secretion of the lactogenic hormone 
by the anterior pituitaiw gland while the lactation-inhibiting effects are 
believed to be correlated with increased adrenal-cortical activity resnlting 
ill an increased rate of deaminization of the nitrogenous precursors of milk 
protein. It is suggested that the hormones_ of the adrenal cortex play a 
role in regulating the course, of the rising segment of the lactation curve. 
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Wherever cattie raising' is an intensive industry, diseases of various 
types frequently occur in new-born calves, losses of wliicli sometime reaeli 
appalling* magnitudes in individual herds. The most prevalent cause of 
these losses (13, 15, 16, 17) is ‘Svhite scours.’’ 

The control of this disease is of great economic importance to the dairy- 
men ill their expansion program and of interest to tlie nation in its nutri- 
tional readjustments. Prior to the rapid advance in chemoprophylaxis and 
chemotherapy, satisfactory means of coping with this problem were not 
available. Recent observations on the use of several of the sulfa compounds 
in the control of calf diarrhea are promising from a practical viewpoint 
(10,29,31,35,36,37). 

The primary purpose of this investigation was to obtain additional 
clinical information on the relative values of a commercial anti-scour serum 
and one of the sulfonamides, sulfa guanidine (sulfanilylguanidine), as 
agents for controlling diarrhea of new-born calves under practical herd 
conditions. 

LITERATURE REVIEW 

General information on the subject of ‘‘white scours” is summarized by 
Marshall (19), Simms ef ah (23), Van Es (33) and others. Early experi- 
mental investigations pertaining to this and similar diseases of calves have 
been adequately reviewed and presented by Hagan (8), Hart and Traiini 
(12) and Pfemiiiiger (21). 

Nature of white scours.” This disease, also known by various other 
descriptive terms, is ill defined symptomologieally and etiologically. 
“White scours.” according to Williams et al. (34), generally refers to an 
acute diarrhea occurring from a few hours to several days after the birth 
of the calf. Although scours manifested in an older calf is regarded as a 
different type and is designated by other terms, the line of demarcation 
is not clear. Chronological differentiation seems to be adequate to distiii- 
giiisli “white scours” from diarrhea of parasitic origin but not from that 
of nutritional etiology. Scours due to a deficiency of vitamin A (11) and/or 
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to members of the B-complex (22) is oeeasioiially confused with the ^Svliite^’ 
type. Iiivestigad-ors further agree that this malady frequently coexists with 
or merges into not only different types of diarrhea but also other diseases, 
particularly piieiiinonia, in such a manner that syiiiptoinatie delineation 
is difficult. 

Even though past investigations indicate that ‘ 'white scours'' is a 
diarrhea of bacterial etiology, the possibility that the implicated iiiicro- 
organisnis may be secondary invaders cannot be disregarded (2, 9, 14). 
Organisms of the colon group generally are agreed to be the predominating 
type present, but no investigator holds that any one organism or variety 
alone is the ail-iinportant etiological factor involved. 

The bacterial invasion, according to a summary by Hart and Tramn 
(12), nsiialiy takes place post-natally but occasionally in ufero. The most 
important ehannei of infection is the digestive tract, but the umbilical 
vessels also may be a path of invasion. 

Predisposing factors. The predisposing causes of "white scours'' are 
numerous but may be grouped in the following classes : congenital weakness, 
improper calf husbandry and inadequate nutrition. General recognition 
of the importance of these first two factors obviates further eonimeiit, but 
recent developments in the nutritional aspects of calf diarrhea warrant 
consideration in the etiology of "white scours." 

The composition and properties of colostrum offer a clue to the physio- 
logical needs of the new-born calf. Early investigations by Smith and 
his associates (24, 25) demonstrated the importance of colostrum in pro- 
tecting calves against generalized infections hy B. coli. The protective 
characteristic has been ascribed to antibodies, but this does not preclude the 
possibility that the vitamins of the colostrum may play either comple- 
mentary or supplementary immniiological roles. Latterly, eumulative frag- 
ments of evidence tend to supi)ort this conjecture. 

Investigations by Dann (5) revealed that eolostrum is the primary 
medium through which vitamin A is transmitted to the neAV-born calf. The 
immunological importance of the amount of this vitamin in the eolostral 
milk is suggested by the report of Stewart and MeCallum (27) shoAving 
that calves from dams secreting eolostrum having less than 250 blue units 
per 100 ml. were more susceptible to "white scours" and associated ills 
than were calves from dams having a greater concentration of vitamin A 
activity in the eolostrum. Recent observations by Moore and Berry (20) 
indicated further that AvheneA^er the colostrum ingested failed to increase 
the vitamin A and the carotene of the plasma of a neAv-born calf, it usually 
died from infection. Either poor quality colostrum or faulty absorption 
might have been involved in these eases. The relationship of the quantity 
of vitamin A activity in colostrum to its protective properties needs further 
investigation. 
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Pkiliips and associates (18, 22) emphasized the role not only of vitamin 
A but also that of members of the B-complex and ascorbic acid in the control 
of calf diarrhea of iiiitritioiial origin. However, Thorp (29, 30) was 
unable to" control an acute type of scours, evidently of bacterial etiology, 
ill the day-old calf by the use of vitamins A, B and C as prophylactics. 

Sulfaguanidiiie as a control agent. The general control methods em- 
ployed in protecting the new-born calf from ‘Svhite scours’' are sanitation, 
isolation, immiiiiization and chemotherapy. The production of sulfa- 
guanidine has resulted in rapid expansion of chemotherapy in the control 
of gastro-eiiteric infections of livestock. Since this eompoimd is readily 
dissolved in the gastro-intestinal fluid but is not absorbed to any great 
extent through the intact intestinal mucosa, relatively high concentrations 
can be maintained in the lumen of the bowel without developing sufficiently 
high blood and systemic concentrations to produce serious toxic reactions. 
The bacteriostatic and bactericidal action of this drug on certain organisms 
markedly alters the flora of the alimentary tract (28), thus rendering the 
compound effective in the control of various types of calf scours. 

The prophylactic dosage of sulfaguanidme for diarrhea of new-born 
calves has not been established. On the basis of a limited number of ob- 
servations Wise (35) suggested the following dosage schedule per pound of 
body weight: iirst dose, at two to six hours after birth, 0.05 grani; second 
dose, six hours later, 0.04 gram; and subsequent doses, continued from one 
to three days of age, 0.025 gram given morning, noon and night. Though 
this afforded protection, more recent investigations indicate that the 
quantity prescribed is greater than necessary. 

The therapeutic value of siilfaguanidine for ‘'white scours” was indi- 
cated in a preliminary report by Wise and Anderson (36). Subsequent!}^ 
Simms and associates (23), from a study of a limited number of eases, 
stated that this eheiiiieal merited further tests. Later reports of extensive 
and detailed investigations by^ Thorp et al. (29, 31) revealed that sulfa- 
guanidine, properly prescribed, may be used as a curative agent for scours 
not only of very young calves but also of older ones. 

The therapeutic dosage per pound of body -weight recommended by 
various investigators (3, 31, 35, 36) ranges from 0.13 gram to 0.18 gram 
for the first day, 0.07 gram to 0.17 gram for the second day, 0.07 gi^am to 
0.12 gram for the third day, and 0.06 gram to 0.075 gram subsequently up 
to six days. Thorp and Shigley (31) prescribed a lower rate for calves 
weighing less than 75 pounds than for those iveighing more, but others (3, 
35, 36) suggested the same rate for calves of all sizes. The former also- 
recommended that, throughout, the daily dosages be divided into three equal 
parts; whereas the latter advocated that the initial doses during the first 
day be greater than those following, but that the doses for subsequent days 
be divided into equal parts. 



968 


G. H. WISE AND G. W. ANDERSON 


Thorp and Shigiey (31) observed that when approximately three times 
the therapeutic dose was given, toxic symptoms were evidenced in calves. 
Baiikowski and Haring (4) also noted toxic effects when four to five times 
the therapeutic dose was given. The principal symptoms were depression, 
anorexia, hematuria and crystalliiria ; in the later stages niffied hair coat, 
weakness of hind quarters with stiffness in gait. Death from, uremic 
poisoning wms preceded by anuria and coma,” 

The dosage problem is that of producing and maintaining the proper 
concentration of sulfaguanidine in the digestive tract until the pathogenic 
organisms are overcome. 

EXPERIMENTAL 

The experimental obseiwations were made priiieipally in the Clemsoii 
College dairy herd following an outbreak of an acute infectious and eoii- 



Eig. 1. Calf showing tw^o of the ehnraeteristic symptoms, sunken eyes and profuse 
salivation, of scours in the advanced stages. 

tagions diarrhea among the new-born calves in 1940. Since then, there 
has been a recrudescence of the disease in spite of scrupulous sanitation. 

The experimental subjects for the study of eojitrol ineasiires included 
all the female calves, regardless of congenital weakness, born during the 
periods of investigation, but only a portion of the males since many of them 
were removed from the herd within a few hours after they were born. 

There was a marked difference in the incidence of the disease among 
the various breeds (tables 2 and 4) suggesting a greater susceptibility in 
the Guernseys and the Jerseys than in the Holsteins. 
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Tlie first s^aiiptoms of this malady generally were manifested clinically 
when the animals were between one and two days of age (table 5). Though 
the syndrome varied somewhat in ijidividnal eases, it was characterized 
by a variable body temperature, frequently high in the early development 
and subnormal in the late stages ; a loss of appetite ; a profuse, fetid, brown 
to gray serous scours ; a rapid deliydration as evidenced by the eyes sinking 
into their sockets (figure 1) and by an increasing dryness and harshness 
of the skill; a progessive exhaustion, and a fatal termination within 12 
to 24 hours of the onset. 

A further indication of the marked dehydration in the scouring calves 
was henioconcentration (table 1). Since the loss of 10 per cent of the water 
of the body causes serious disorders, and the loss of twice this amount 
causes death (7), it is probable that the severe dehydration is the physio- 
logical change primarily responsible for the rapid fatal exhaustion. 


TABLE 1 

Typical changes in concentration of hemoglohin in hlood of new-'born calves 
dying of acute diarrhea 


No. of calf 

Amount of hemoglobin per 100 ee. blood 

Increase in 
concentration 
of Hb. 

Within 6 hr. 
after birth 

Within 6 hr. 

I before deatli 


gram 

gram 

per cen t 

G-170 

11. G 

14.4 

24.1 

A--147 

10.7 

16.4 

53.3 

499 

10.5 

16.1 

53.5 

Avc. 

10.9 

15.6 1 

43.1 


The autopsy findings also were variable depending on the severity and 
duration of the disease. Gastro-enteritis was present in all cases, some of 
which were complicated by septieeniie conditions, especially the protracted 
cases. Hyperemia of the mucosa of the abomasum, of the small intestine 
and of a short section of the anterior portion of the large intestine was one 
of the most common abnormalities. Frequently the mucous membrane of 
the abomasum and the small intestine also was edematous and covered 
with scattered areas of jietechial and confluent hemorrhages. The abomasal 
contents ranged in volume from one to three or four liters and in consistency 
from fluid entirely to a combination of fluid and lumps of undigested curd. 
The size of this coagulated mass apparently was related to the amount of 
colostral milk consumed during the early stages of the disease. The bowel 
contents were similar to the excrement in appearance, consistency and odor. 
Whenever the disease reached the septicemic stage, other organs, particu- 
larly the lungs and the heart, were involved. 

The bacteria isolated from the organs of four of the calves were primarily 
of the coliform group, which is the type most frequently found by other 
investigators. 
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CONTROL MEASURES 

The control measures investigated included in addition to general herd 
hygienics, the use of Antamins A and D (cod Iwer oil), a commercial poly- 
valent anti-scour serum and sulfonamides. 

Cod liver oiL In view of the fact that vitamin A deficiency is considered 
a factor predisposing calves to diarrhea, a preliminary approach to the prob- 
lem was made by giving cod Iwer oil (Nopeo XX) in doses of 20 to 25 cc. 
as a prophylactic agent, morning and night. This treatment w^as initiated 
when the calf was six to 12 hours of age and continued until it either con- 
tracted scours, in Avhich case the dosage Avas doubled as a therapeutic, or 
until the calf AA^as three clay's of age. Since cod liver oil was relatively 
ineffective in the limited number of eases obseiwed, this treatment Avas dis- 
continued. 

These results indicate that excessive amounts of vitamin A do not aug- 
ment perceptibly the prophylactic value of colostrum from cows maintained 
under good herd management. In eases of deficiencies it is probable that 
vitamin supplements AAmuld be beneficial. 

AfiUhacterial serum. Though reported results from the use of calf- 
scours serum on the market liaA’-e been inconsistent (12), the successes Avere 
considered sufficient to warrant further investigation. A commercial poly- 
valent antibacterial serum (Anti-Coli-Enteritidis-Pasteurella Serum^) Avas 
used prophylactically and therapeutically in doses ranging from the pre- 
scribed amount (10 to 20 ce. for prevention and double this amount for 
treatment) up to five times these quantities in efforts to control the diarrhea. 
The initial prophylactic dose usually Avas giA-en subcutaneously AAuthin 30 
minutes after the birth of the calf, but in several cases six hours elapsed 
before the injection. 

The results of observations on the xirophy lactic efficiemw of the serum 
during a 30-moutli period folloAAung the outbreak of tlie diarrhea are pre- 
sented in table 2. It is obvious from this summary that the serum did not 
reduce the incidenee of scours in the calves. Yet, it Avould be fallacious to 
assume that the serum Avas deleterious as tlie data indicate, since it A\'as used 
only A\dien the incidenee Avas high. The failure of the Kserum to immunize 
the calves against the causal agents may be attributed to its impotency 
and/or non-specificity. It is probable that the preparation and use of an 
homologous hyperimmune serum would have been a more effective prophy- 
lactic (6) than the commercial preparation. 

The tAvofold use of the serum as a prophylactic at birth and as a thera- 
peutic when the first s^^mptoms of diarrhea Avere noted saved seven, 63.6 per 
cent, of 11 calves ; whereas none of 20 untreated eases, irrespective of the use 
of the serum as a prophylactic alone, survived. The cost, however, of re- 

2 National Oil Products Co., Harrison, N. J. 

3 Jen-Sal Laboratories, Ine., Kansas City, Mo. 
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TABLE 2 

Tropliylaciic 'value of commercial polyvalent antibacterial serum in the control of 
acute diarrhea in. new-horn. female dairy calves 



Antibacterial serum 

No prophylactic 

Breed 

Number of 
calves 

Contracted 

scours 

Number of 
calves 

Contracted 

scours 

Holstein 

51 

per cent 

7.8 

28 

■per cent 

10.7 

Guernsey 

32 

34.4 

■ 18 

27.8 

J ersey 

44 

40.9 

33 

15.2 

Cross 

5 

60.0 

6 , j 

0.0 

All breeds 

132 

27.3 

85 

15.3 


pea ted injections ot‘ large doses of tlie serum as a therapeutic rendered this 
measure prohibitive for practical dairy herd management. 

Sulfagucmidine (siilfanllylguanidme)^^ This compound was used both 
as a prophylactic and a therapeutic agent. In all cases the doses W’ere given 
in an aqueous suspension as a drench. 

a. Prophiflaxis. Since the most suseeiitible period in the life of the calf' 
is from birth to 48 Jioiirs, it was necessary to employ preventive agents only 
for this period. The dosage schedules shown in table 3 were effective in 
reducing the incidence in three herds where scours wms prevalent among the 
new-born calves.- In herd A, comiiosed of Jerseys, Guernseys and Holsteins, 
two-gram doses were given throughout regardless of breed, size and age of 
calf. In herds B and C the size of the dose was decreased with age since 
tlie resistance of calves is known to increase rapidly from birth to two days. 

Listlessness and anorexia were noted occasionally in calves followdng the 
initial dose. One observer^ found that this could be averted by withholding 
the sulfaguanidine until the calf had nursed. 

This observation suggests that colostrum affects the absorption of sulfa- 
guanidine. The relationships of the age of the calf and the kind and the 


TABLE 3 

Dosage schedules for sulfaguanidine given as a prophylactic for scours of 
new-born calves in diffeiumt herds 


Dose 

Age of 
calf 

Amoioit of sulfaguanidine per cwt. of calf 

Herd A 
(Mixed) 

Herd B 
(Holstein) 

Herd C" 
(Guernsey) 


hours 

grams 

grams 

grams 

1 

2-6 

2.2-3.6 

2.1 

3.7 . 

2 

8-12 

^ 2.2-3.6 

1.6 

2.9 . 

3 

20-24 

2.2-3.6 

1.0 

2.2 

4 

32-36 1 

2.2-3.6 




* Dosage rate calculated from standard weight of calves for breed. 

^ Supplied by Lederle Laboratories, Ine., New York, N, y. 

5 E. T. McClure, Dairyman, South Carolina State Hospital Dairies, Columbia, S, C 



972 


G. H. WISE AND G. W. ANDERSON 


amount of feed eonsnmed to the absorption of this chemical and its conse- 
quent toxicity and effectiveness remain to be determined. Thorp (29) stated 
that ill the practical use of sulfonamides cognizance should be taken of the 
fact that they are more toxic for younger calves than for older ones. Since 
the permeability of the intestinal tract to and the selective absorption of 
certain eolostral constituents are known to be markedly reduced during the 
first day after birth, it is possible that age and/or colostrum affect the 
permeability of the intestinal mucosa to the sulfonamides. Further infor- 
mation on this i>oint is needed to establish the optimum prophylactic dosage 
schedule for sulfaguanidine. 

b. TJierapeiisis. The therapeutic effectiveness of sulfaguanidine for 
scours in ne^Y-borll calves is indicated in tables 4 and 5. The incidence 

TABLE 4 


Coniparative incidence of scours in 7icic~honi female calves and the resulting mortaUtg 
rate during two consecutive xicriods: (I) without sulfaguanidine therapy 
and (II) with sulfaguanidine therapy 


Breed 

15-inoiitli 

Total jSTo. 

Calves contracting scours 

periods 

of calves 

Total 

Mortality rate 

Hcdsteiii 

I 

36 

per cen t 

2.8 

per cent 

0.0 


II 

43 

13.9 

0.0 

Guernsey 

I 

27 

37.0 

70.0 

II 

23 

26.1 

16.7 

Jersey 

I 

46 

32.6 

73.3 

II 

31 

29.0 

11.1 

Cross 

I 

5 

40.0 

100.0 


II 

6 

16.7 

0.0 

All breeds 

I 

114 

23.7 

74.1 


II 

103 

21.4 . 

9.1 


(table 4) was essentially tlie same for the comparative p(n‘iods, before sulfa- 
guanidine therapy was initiated and after, but tlie mortality rates were 
strikingly lower in the latter period. The 25.9 per cent survival in period I 
resulted from the use of the aforementioned combined serum prophylaxis 
and therapeusis. 

Of the 56 cases treated wdth sulfaguanidine (table 5) 26 were females and 
30 were males in which groups the respective mortality rates were 7.69 per 
cent and 20.0 per cent. The higher fatality in the males is attributable 
primarily to the extreme stages to which the disease w^as permitted to ad- 
vance in order to ascertain its critical points. Prognosis was unfavorable, 
regardless of the quantity and frequency of dosing, after any of the follow^- 
ing* conditions developed : excessive intestinal hemorrhage, extreme dehydra- 
tion, and subnormal body temperature. 

The total amount of sulfaguanidine given and the number of doses 
(table 5) varied over a wide range depending upon the severity and the 
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TABLE 5 


Effectiveness of sulfagiianidine as a therapeutic agent for diarrhea 
of ncw-horii dairy calves 


Breed 

No. of 
^ eases 

Ave. age 
symptoms 
lirst noted 

Ave. 

wt. 

Sulfaguanidiiie given 

Mortality 
* rate 

Ave. -No. 
doses 

Total 

amt./evvt. 



hours 

lb. 


grams 

per cent 

Holstein 

18 

31 

90 

2.0 

10.8 

22.2 

Guernsey 

20 

43 

69 

2.0 

14.1 

10.0 

J ersey 

17 

38 

57 

2.3 

11.7 

11.8 

Cross 

1 

36 

70 

3.0 

12.2 

0.0 

All breeds 

56 

40 

72 

2.14 

12.3 

14.3 


Range 

16-144-^ 

41-124 

1-6 

4.3-32.1 



-x- Qniy one case ^Yas contracted after 48 hours of age. 


duration of individual eases. The size and distribution of the doses is shown 
further in table 6. In 89 per cent of the eases treatment was necessary for 
a maximum period of only 12 hours, during which not more than three doses 
were given. In the early part of this investigation, it was observed that 
when the initial dose was large and subsequent doses were smaller the rate 
of recovery seemed to be more rafiid than when the same total quantity was 
given in equal doses ; lienee the adoption of a schedule in which the dosage 
size was reduced as treatment progressed. The over-all average amount of 
sulfaguanidiiie given per 100 pounds body -weight in the first three doses 
was 7.0 grams, 5.0 grams and 4.0 grams, and the average time intervals 
between doses was five hours between the first Uvo and six hours between the 
last two. 

Presumably the rapid course of the scours necessitates the establishment 
of a high coneentration of sulfaguanidiiie in the gastro-intestinal tract at an 
early stage to prevent irreparable damage to the tissues. Thus a large initial 
dose is deemed advisable. Purthermore, the scouring calf sometimes coii- 

TABLE 6 


Quantity and disiributUm of therapeutic doses of sidfaguanidinc given 
for scours in new- born calves 


Maximum No. of 
doses given 

Dosage/ewt. of calf 

Cases 

treated 

Ave. time 
between doses 

Average 

Range 


grams 

grams 

per cent 

hours 

1 

6.8 

3.3- 9.8 

39 


2 

6.3 

2.8-10.2* 

25 

5 

3 

5.3 

2.0-10.0, 

25 

6 

4 

5.3 

1.8- 9.8 

5 

8-12 1 

5 

4.5 

2.5-10.0 

4 

6 

6 

5.3 

3.4- 8.5 

2 

6 


* One severe case, not included, received a 19-gram initial dose from which the 
response was favorable. 

t Discontinued p.m. and resumed following a.m. in most cases. 
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tinues to weaken after the first dosing, and the difficulty of sw^allowing a 
subsequent dose frequently increases. The weaker the calf becomes the 
more relaxed the esophageal groove is likely to be, permitting the jiassage of 
either a portion or all of the siilfagiianidine into the rumenoreticnlar cavity, 
where the chemical is inetfeetive. 

Even though prophylactics did not prevent scours in all eases, they 
always reduced thq severity of the malady. The relationship between the 
prophylactic measures and the responses from therapeutic dosage with sulfa- 
guanidine is indicated in table 7. Although serum per se was ineffective 
as a preventive, it was a beneficial adjuvant in sulfaguanidine therapy. The 
high efficiency of sulfonamide prophylaxis reduced the incidence of scours 
to the extent that only a small number of cases needed treatment. 

TABLE 7 


The relation of propliylaciic treatment to effectiveness of sulfaguanidine 
therapy in scours of neic-horn calves 


Pro|>]iylaxis 

Therapeiitieally treated with sulfaguanidine 

No. of calves 

Mortality rate 



Xjer cent 

None 

35 

20.0 

Serum' 

18 

5.6 

Sulfonamides 

3 i 

0.0 


DISCUSSION 

The recurring cycle of scours among new-born calves consists of erup- 
tive outbreaks of high incidence for a short period followed by sporadic cases 
during a longer period. This suggests a marked variation in the suscepti- 
bility of the calves and/or in the virulence of the causal agents. The spe- 
cific factors involved in this variability have not been disclosed, but in 
general practice scrupulous sanitation of the surroundings and proper nutri- 
tion of the calf are indispensable measures in breaking the cycle. These 
basic procedures used in conjunction wfitli sulfaguanidine treatments have 
proved liighly effective in reducing the incidence and the severity of the 
malady. 

The efficacy of sulfaguanidine prophylaxis and therapy depends on 
numerous interrelated factors among which the more important ones proba- 
bly are prenatal nutrition, congenital abnormalities, portal of entry of 
causative elements, time of infection . (ante- or post-natal), virulence and 
quantity of infective agents resident in the herd environment, age when 
calf first nurses, quality and amount of colostrum consumed and regularity 
of consumption. Of these, the early post-natal nutrition merits special 
emphasis. 

Since Smith and Little (24) focused attention on the significance of 
colostrum in combatting scours of new-born calves, other investigators (20, 
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22, 27) have associated the vitamin A activity of this secretion with its pro- 
tective characteristics. Therefore; Stewart and McCalliim (26) reasoned 
that the oeenrreiice of scours and allied infections might be considerably 
lessened in herds if the vitamin A activity of the colostrum of all the cows 
could be maintained at a high level so that each calf woiild receive a suffi- 
ciency of this vitamin at birth. It was further assumed that increasing the 
vitamin A activity of the gestation diet, by feeding either carrots or cod- 
liver oil, would increase the level of this vitamin in the colostrum. Eesults 
from investigations based on these premises were negative. These findings 
in conjunction with general observations made in the study herein reported 
indicate that in a well-fed herd, the incidence of scours among the new-born , 
calves is not related to the gestation diets of the dams. 

It has been noted findher that whenever the udders of individual dams 
fail to develop and distend normally, the immediate post-partum mammary 
secretions usually do not possess the properties charactei*istic of colostrum, 
and the new-born offspring have a low degree of resistance to scours. In 
these eases, it is advisable to increase the prophylactic doses of sulfaguani- 
dine and to feed colostrum from another cow. These practical observations 
indicate the need for additional fundamental information on the relation of 
the potency of the immunizing agents of colostrum to its chemical compo- 
sition and physical properties. 

Frequent consumption of small amounts of colostrum tends to prevent 
abomasal over-distension, ’which predisposes the calf to scours (25, 32). 
Either delay in the initial nursing or increasing the intervals between 
periods of consumption stimulates overfeeding and distension if the quan- 
tity of food is unlimited. If the calf is permitted to nurse at will during the 
first three to five days, which in many herds is the time it normally remains 
with its dam, scours resulting from overconsumption of eolostral milk is 
uncommon. 

In the treatment of diarrhea of new-born calves failures of sulfaguani- 
dine therapy may be ascribed to several factors among which delay in treat- 
ment, early age at which scours is contracted, presence of excessive amounts 
of colostrum in the digestive tract and chemo-toxicity are probably the most 
frequently involved. The absence of pronounced premonitory symptoms 
and the rapid course of the disease occasionally result in the malady reaching 
an advanced stage before treatment is started. Cases of this type are en- 
countered most often in the morning, having gone unobserved through the 
night. This hazard further emphasizes the importance of preventive mea- 
sures in herds where the disease is entrenched. 

The earlier the diarrhea develops after birth the more difficult it is 
to overcome. Fortunately, the manifestation of scours in calves less than 
24 hours of age is exceptional. These early cases may be ascribed either 
to a possible in ntero infection or to an inhibition of the normal protective 
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activity witliiii the calf (25), The latter may be broiigiit about by inherent 
morphological and functional defects of the digestive tract and/or by 
delayed feeding of colostrum. Furthermore^ in treating these eases of 
diarrhea the suJ fa guanidine may be absorbed so rapidly that it becomes 
difficult to establish a bacteriostatic or bactericidal concentration in the 
alimentary canal. This possibility merits further exploration. 

Another aspect of the problem of treating the calf les>s than 24 hours 
of age and the calf that is in an advanced stage of diarrhea is that of 
toxicity from the sulfaguanidine (29). The increased permeability of 
the intestines in these eases may permit the passage of the chemical in 
sufficient amounts to develop toxic concentrations in the system. Dehy- 
dration accompanying diarrhea possibly further augments the toxic reac- 
tions, thus increasing the complications and fatalities (1). This potential 
danger should be considered when sulfaguanidine is used in treating 
diarrhea of calves. 

The therapeutic efficiency of sulfaguanidine is exceptionally low in 
scouring calves that are bloated. This symptom usually indicates digestive 
failures as evidenced by the retention of large amounts of curd in the 
abomasum. In these eases portions of the doses are diverted into the 
rumenoreticular cavity, thus lowering the efficiency of the treatment. In 
addition it is possible that the coagulated material in the gastiuc secretions 
obstructs the passage of the medicine into the intestines and/'or otherwise 
reduces its effectiveness. The a ^priori relationships of the factors involved 
in scours, bloat and indigestion are obscure, but the deleterious effects of 
loading the digestive tract of the scouring calf with milk are obvious. 
Therefore, during the acute stages of the diarrhea of new-born calves, it 
is essential that all food be witlilield. 

Although the therapeutic efficiency of sulfaguanidiue as indicated in 
the experimental results is relatively high, its prophylactic use should be 
given precedence in herds where scours of tlie new-born calves prevails, 
Wbenever therapexitie measures are necessary, it is well to give the srdfa- 
guanicline as a drench. Giving liberal amounts of Avaiaii water between 
doses may retard the rate of dehydration and lessen the eon cent ration of 
the chemical in the urine. Though no experimental observations were made, 
it is probable that parenteral administrations of isotonic solntions of either 
glucose or sodium ehloiude may be valuable supportive treatments to guard 
against excessive dehydration. During the convalescent period, meticulous 
care sometimes is necessary to avert complications, particularly pneumonia. 
Anorexia and general weakness occasionally necessitate force-feeding, in 
which ease supplementing the colostral milk with cod liver oil seems to 
accelerate recovery. 

SUMMARY 

1. An acute infectious and contagious diarrhea (^%hite scours’’) of 
new-born dairy calves was investigated clinically. 
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2. Scnipiiloiis sanitation of tlie surroundings and adequate nutrition 
of tlie calf during the immediate post-natal period are regarded as funda- 
mental in the control of scours of new-born calves but such measures alone 
are not adequate to control the disease under general herd conditions. 

3. No recognizable reduction in the incidence of scours resulted from 
either giving cod liver oil as a dietary supplement or injecting a commercial 
anti-scour serum as a prophylactic measure. 

4. Sulfaguaiiidine given in proper doses was effective prophylactically 
and therapeutically. A rule-of-the-thumb procedure could not be followed 
in all dosing. 

5. As a prophylactic agent, it is recommended that sulfaguanidine in 
doses of approximately two grams be given to the calf at the following 
intervals : first dose, shortly after first colostrum consumption, which should 
not be later than tw^o hours after birth; second dose, six to eight hours 
later; subsequent doses, morning and night through the second or third 
day. Doses may be reduced to one gram after the first 36 hours. 

6. The following amounts of sulfaguanidine, per 100 pounds body 
weight of calf, given at four to six hour intervals are recommended as a 
guide for treatment : first dose, 7 grams ; second dose, 5 grams ; third and 
subsequent doses, 4 grams. These doses should be varied according to the 
condition and response of the calf. During the first 24 hours after the 
first clinical symptoms of scours are manifested, all feed should be with- 
held from the calf and liberal amounts of warm water should be given. Dis- 
continue the sulfaguanidine therapy as soon as scours subsides. 

7. Ill view of the dangers from complications associated with diarrhea 
of the new-born calf, prophylactic measures should be given precedence 
over therapeutic control except in herds where only sporadic cases occur. 
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Breeding efficiency is an important economic factor in maintaining or 
developing a dairy herd, especially when proved sires are used, and also in 
regulating the production of the herd to meet market conditions. Although 
a proved sire is usually expensive to purchase, his^ ultimate cost is deter- 
mined largely by the length of time he maintains his breeding efficiency. 

The breeding records of the dairy herd maintained by the Bureau of 
Dairy Industry at Beltsville, Md., have been studied in an effort to determine 
the relationship of various factors to the breeding efficiency of sires and dams 
and also to the sex ratio of the resulting offspring. 

The Beltsville herd, which was established in 1912, consists largely of 
purebred Holstein-Friesian and Jersey cattle, a small group of Red Danish 
cattle that was added in 1936, and a few grade animals. The data used in 
this study consist largely of the records of the herd from 1919 to 1942, in- 
clusive. 

MANAGEMENT OP THE HERD 

Since 1918 the major portion of the herd has been devoted to long-time 
breeding projects (1), which call for the use of a succession of unrelated 
proved sires. Linebreeding and inbreeding experiments are also being con- 
ducted. 

An effort has been made to keep the management of this herd as uniform 
as possible. All cows are put on official test (365 days) during their first 
lactation and again after they are 5 years old. Test cows are kept in box 
stalls, milked three times daily, and are not given access to pasture. “When 
the cows are not on test, they are milked twice daily in stanchions and are 
provided with pasture when available. All feeding is done according to 
feeding standards, the ration consisting chiefly of corn silage, alfalfa hay, 
and a grain mixture containing 15.5 per cent of digestible protein. During 
the test year the cows are bred 5 to 6 months after they calve, but during 
other lactations they are bred 3 to 4 months after calving. 
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Careful attention is given to the care of the hulls. They are adequately 
housed and fed and are given 2 hours of exercise daily. Sprouted oats is a 
part of the bulls’ ration. 

Various diseases have occurred in the herd during the period covered by 
this study, including outbreaks of both tuberculosis and brucellosis, and at 
one time some evidence of trichomoniasis. 

RESULTS OF THE STUDY 

Effect of age of sire on breeding efficiency. In studying the effect of age 
on breeding efSeieney, the males and females were first considered separately. 

TABLE 1 


JSfeet of age of sire on hreeclhig efficiency 


Age of 
sire 

(years) 

Total 

ser- 

vices 

Services 
to non- 
breeders 

Services 
to fer- 
tile cows 

Total 

concep- 

tions 

Services 
per con- 
ception 

Under 1 

30 

2 

28 

10 

2.80 

1 

996 

245 

751 

336 

2.24 

2 

918 

210 

708 

1 337 

2.10 

3 

748 

174 

574 

254 

2.26 

4 

651 

141 

510 

199 

2.56 

5 

749 

163 

586 

220 

2.66 

6 

989 

254 

735 

272 

2.70 

7 

1,348 

289 

1,059 

416 

2.55 

8 

1,446 

291 

1,155 

385 

3.00 

9 

1,325 

1,078 

285 

1,040 

320 

3.25 

10 

310 

768 

242 

3.17 

11 

584 

95 

489 

155 

3.15 

12 

370 

116 - 

254 

90 

2.82 

13 

148 

61 

87 

31 

2.81 

14 

145 

72 

73 

29 

2.52 

15 

107 

43 

64 

26 

2.46 

16 

56 

21 

35 

16 

2.19 

17 

5 

2 

3 

1 

3.00 

Total or 






average 

11,693 

2,774 

8,919 

3,339 

2.67 


Table 1 shows the effect of the age of a sire on his breeding efficiency, as 
calculated from services to fertile cows only. 

In general the number of services x)er conception shows a slight upward 
trend between the ages of 1 and 12 years. The number of cows served by 
bulls under 1 year of age and at 12 years and older is so small that uni- 
formity cannot be expected. One break in the curve occurs at the age of 7 
years. Most of the proved sires that were purchased came into the herd at 
about 7 or 8 years of age. It was thought that possibly the change in en- 
vironment of these purchased sires had a temporary beneficial effect upon 
their efficiency. To test this theory, a tabulation was made of the breeding 
records of eight Beltsville-bred sires that were in regular service at the 
station during their entire lifetime (in all eases at least 9 years) (see table 
2). These eight sires show a greater increase in breeding efficiency from 
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tlie age of 6 to 7 years than is shown by the sires in table 1* We have no 
explanation for the increase in breeding efficiency from 6 to 7 years of age 
by either group of sires. 

Effect of age of female on breeding efficiency. Table 3 shows the effect of 
age of the female on breeding efficiency. The data are based on the age of 
the cows at the time of conception. All breedings to fertile sires are in- 
cluded. In cases where the records show that a bull was obviously declining 
in fertility toward the end of his active service he is considered sterile after 
the date of his last successful service, and breedings after that date are not 
charged against the cows. 

Here again the older groups are small and the figures cannot be con- 
sidered conclusive. However, until females are 9 years of age, their age has 


TABLE 2 

Average 'breeding efficiency of 8 Beltsville-bred sires at various ages 


Age of 
bulls 
(years) 

Total 
i ser- 

vices 

Services 
to non- 
breeders 

Services 
to fer- 
tile cows 

Total 
concep- 
i tions 

Services 

per-coii- 

ception 

1 

175 

63 

112 

48 

2.33 

2 

244 

72 

172 

86 

2.00 

3 

299 

81 

218 

86 

2.53 

4 

249 

46 

203 

76 

i 2.67 

5 

299 

48 

251 

83 

3.02 

6 

440 

119 

321 

100 

3.21 

7 

368 

100 

268 

105 

2.55 

8 

219 

65 

154 

61 

2.52 

9 

102 

37 

65 

13 

5.00 

10 

64 

35 

29 

13 

2.23 

Total or 






average 

2,459 

666 

1,793 

671 

2.67 


little apparent effect upon their breeding efficiency. These figures do not 
show the marked decrease in number of services required for conception 
after 2 years of age that was found by Moi’gan and Davis (3). The 2-3- 
year-old group is made up largely of cows being bred for their second gesta- 
tion, but a considerable number of heifers being bred for their first gestation 
are also included in this age-group. Most of the heifers in this herd are bred 
first at about 15 months of age, so it is obvious that these ^'carry-overs’’ re- 
quired a large number of services. Probably this factor is a disturbing in- 
fluence among the younger age-groups. The 1-2-year-old group required an 
average of 2.55 services per conception, while the 2-3-year-old group re- 
quired 2.57 services per conception. If the first-gestation heifers are taken 
out of the 2-3-year-old group and included in the 1-2-year-old group, the 
figures become 2.88 services pe.r conception for the first-gestation group and 
1.97 for the 2~3-year-old cows. Possibly this affords a truer measure of the 
breeding efficiency of younger cows than a grouping strictly according to 
ages. 
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77.1% conceived on first 3 services; 89.6% conceived on first 5 services. 
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Table 3 also shows the number of conceptions that oecurred from various 
numbers of services for each age-gronp/ It will be noted that, for all ages, 
77.1 per cent conceived in three services or less and 89.6 per cent conceived 
ill five services or less. These figures may throw some light on the question 
of how long a cow should be retained in an effort to get her with calf. Of 
course, many factors must be considered, but unless the cow is particularly 
valuable it seems doubtful that more than five services would be warranted 
in a commercial herd. Normally the time required for five services is ap- 
proximately 3 months, and some additional time must elapse before 
pregnancy can be definitely determined. These precentages are particularly 
impressive in view of the fact that in this herd the cows that fail to conceive 

TABLE 4' 

JSffect of age of 'both parents on breeding efficiency 



Bulls under 5 years 

Bulls 5 years and over 


All bulls 

Cows ^ 
gestation 
number 

Number 

services 

Number 

conceptions 

Services per 
conception 

Number 

services 

Number 

conceptions 

Services per 
conception 

Number 

services 

Number 

conceptions 

Services per 
conception 

1 

802 

421 

1.90 

1,309 

431 

3.04 

2,111 

852 

2.48 

2 

385 

206 

1.87 

1,122 

497 

2.26 

1,507 

703 

2.14 

3 

271 

137 

1.98 

910 

397 

2.29 

1,181 

534 

2.21 

4 . 

183 

101 

1.81 

726 

295 

2.46 

909 

396 

2.30 

5 

139 

66 

2.10 

508 

230 

2.21 

647 

296 

2.19 

6 

82 

40 

2.05 

344 

152 

2.26 

426 

192 

2.22 

7 

53 

23 

2.30 

210 

85 

2.47 

263 

108 

2.44 

8 

23 

15 

1.53 

84 

40 

2.10 

107 

55 

1.95 

9 

7 

5 

1.40 

65 

26 

2.50 

72 

31 

2.32 

10 




23 

12 1 

1.92 

23 

12 

1.92 

11 




10 

5 1 

2.00 

10 

5 

2.00 

12 




7 

3 ^ 

2.33 

7 

3 

2.33 

13 




1 

1 

1.00 

1 

1 

1.00 

14 




1 

1 

1.00 

1 

1 , 

1.00 

Total or 
average 

1,945 

1,014 

1.92 

5,320 

2,175 

2.45 

7,265 

3,189 

2.28 


promptly receive veterinary treatment. Such treatment would not be 
available in the average commercial herd. 

Effect of age of hoth parents on hreeding efficiency. A comparison of the 
breeding efficiency of young and old sires when bred to co^ws of varying ages 
is showm in table 4. The co\vs are grouped according to gestation rather 
than age. The data are omitted for all cows bred to more than one sire for a 
single conception. These figures show that the young bulls are more efficient 
than the older ones on cows of all ages, but their greatest margin over the 
older bulls was on the first-gestation heifers. 

As in most of the other tabulations, the groups of older cows are small 
and the figures are therefore not conclusive. It cannot be assumed that all 
old bulls will not breed heifers efficiently. To illustrate this point a calcu- 
lation was made of the breeding records of 4 Jersey bulls that were returned 
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Note: Alonosexual twins counted as one calf. Bisexual twins omitted. 
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to Beltsville after several years of service in cooperators’ herds. Their 
average age at the time of starting service at Beltsville was 7 years 8 months. 
Their arverage breeding efficiency on 69 virgin heifers was 1.84 services per 
conceptioiij or slightly better than the average for all bulls nnder 5 years of 
age. 

In 1935 a practice was started of reserving certain young bulls for use 
with virgin heifers only. This was based on the theory that the herd bulls 
might be transferring infection from the older cows to the heifers, thus mak- 
ing it difficult to get them with calf. The average age of the young bulls was 
3 years 1 month at the time of their last service to the virgin heifers. Seven 
of these bulls obtained 164 conceptions from 279 services, an average of 1.70 
services per conception. This average is significantly lower than the average 
for all bulls under 5 years of age when bred to heifers. 

Effect of age of 'parents on sex ratio. Table 5 shows the effect of the age 
of the parents on the sex ratio of the offspring. The tabulation is based on 
the age of each parent at the time of conception. There seems to be no 
indication that the age of the parents has any particular effect on the sex 
ratio of the offspring. The only conclusion from these figures is that the 
normal expectancy is a slight preponderance of males. This conforms to 
the findings of other workers. 

Effect of calving interval on breeding efficiency. A theory has been ad- 
vanced that a cow bred to calve 12 months after freshening will conceive 
more readily than one bred for a longer calving interval. Since it was the 
practice in this herd to breed the cows for a 15-month calving interval during 
test years and for a' 12-month interval during other lactations, it is possible 
to compare these two calving intervals in the same herd. Among the Jerseys 
and Hoisteins 432 cows required 2.54 services per conception when bred to 
calve in 15 months, while 431 cows required 2.69 services per conception 
when bred to calve in 12 months. This difference could hardly be called 
significant. 

Effect of season on breeding efficiency and sex ratio. In order to deter- 
mine whether the season of the year has any effect on breeding efficiency, the 
service record of each sire was compiled by months. The summary for all 
sires is given in table 6. The data show an increase in services per con- 
ception during July, August, and September. The number also increased 
during February and March. The seasonal trend in breeding efficiency at 
the Beltsville station is similar to that reported for the University of 
Nebraska herd (3), except that the periods of lowest efficiency occur about 
a month later at the Nebraska station than at Beltsville. (See figure 1.) 

The period of lowest fertility during midsummer may be due in part to 
high temperatures and their direct physiological effect on the animals. 
Phillips et al. (4) in a study of seasonal variation in bull semen, report that 
most measures of quality in semen indicate it is of lower quality during the 
summer months than during the rest of the year. No explanation is avail- 
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able for tlie increase in services required for conception during the late 
winter season. 

There is no evidence in the data to show that season has any effect on sex 
ratio. 

Yearly variation in hreeding efficiency. Table 7 shows the variation in 
breeding efficiency from year to year. This tabulation is based on the same 
figures as those in table 6, combined by years instead of by months. There 
appears to be a tendency for the fertility to be lowest in the years following 
those in which the greatest percentage of abortions occurred. This bears 
out the findings of Miller, Graves, and Fohrman (2) who found that fertility 
decreases after abortions caused by brucellosis, but not after abortions that 
result from other causes. In 1925 and 1926, when the percentage of abor- 
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Pig. 1. Effect of season on breeding efficiency. 

tions was veiy high in the Beltsville herd, brucellosis w^as responsible for a 
large proportion of the abortions. 

BREEDING PROBABIIilTlES 

Table 8 is a compilation of the breeding records of 725 cows in the Belts- 
ville herd for which the entire life history is available. The breeding records 
of these cows are an indication of the number of replacements that must be 
made to maintain a dairy herd. For example, only 449 of the original 725 
cows, or 61.9 per cent, w^ere bi'ed for the third calf, and only 393 of these 
conceived for the third time. There have been two serious outbreaks of 
disease in this herd in the past 25 years, and for this reason the figures may 
not be representative of an average cow population. Two factors, however, 
at least partially offset the effect of these disease epidemics: 1) No culling 
for low production was practiced, and 2) some of the cows that reacted to 
the tuberculosis and brucellosis tests were not disposed of immediately, but 
were isolated from the rest of the herd and retained for breeding purposes. 

In the various tables presented in this study, the average number of ser- 
vices per conception is not always the same since the groups are composed 
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* Services to one sire only.' 

t Monosexiial twins counted as one calf. Bisexual twins omitted. 

t 81.3% of conceptions obtained on first 3 services; 93,1% of conceptions obtained on first 5 services. 
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^ Services to one sire only. 

t Monosexual twins counted as one calf. Bisexual twins omitted. 



BREEDING EPFICIBNOY OF DAIRY 


ANIMALS 


991 




2 ^ 






Services 

per 

conce|)tion 

COrHCOt-)tO)OCOOt>>COOOOO «0 

Cl Tii oq CO CO UO OO O CO Cl o O O L'-; 

CO ci c4 ci ci ci ci ci oi ci ci oo r-i r4 ca 

Per cent of cows conceiving on 
• service No. 


uq O 00 CD O O Cl o : : : Cl 

cit>Icio6cOrlHrH-^<OCOO ? i Cl 

CO rH Cl rH r-i r-( Cl rH r-t r-f Cl ' Cl 

CO 

<q uq iq rH o uq GO -rtl l>. • t- : : CO 

ci Cl o6 CC r-5 ci o IQ Cl : «d : Cl 

r-ir-< r-ii— irHrHr-irH ■<© ' ‘ r-l 

Cl 

CO 'iq 00 00 th hh i--. cq o -q o i : i t-; 

O 00 r-H -iH Cl Ci CO O i j i <D 

1-1 tH r-^ Cl r-i t-i r-l r-1 Cl rH 03 •" • r-l 

tH 

Cl iH 00 -t' CD rj t-; cq i O O Cl 

CO rM ai r>; o UO Cl IQ ci O O : O o 

CC CO CO CO CC CO r-i Cl r+1 : O O CO 

• 1— i t— i 

Number 

cows 

conceived 

t'-OOCOrHOSb-O-sfl'TiHO-^ClrHr-l IQ 

C- Cl 05 00 05 Cl b- Cl CO 

CO IQ CO Cl rH r-i 00^ 

cT 

Number 
cows 
failed to 
conceive* 

rH IQ l> tH tH dlQ lO rH d i rH : : H 

d Cl i—i iH T-i tH : ; iH 

i ; • tH 

Number 
of non- 
breeders 

t^r-l05THOOCf5lQQOCOHrlrH : • • 05 

Cl rfH CO Cl rH iH tH j ' 1 ^ 

05 

f-i 

tZ3 

6 

Per cent 

O 05 05 Cl HH 00 tH C5 cq T-j b- Hj tH tH : 

Or4r-5c0rHr4c0b^H^ClOOOO I 

O 00 O CO Cl tH i 

tH 
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05 

6 

S 

125 

lOH<C5COOOODlQb-THlQtQCOTHrH IQ 

Cl 05 -tH tH Cl lO 05 lO CO rH t- 

b- IQ -tH CO Cl iH 

cT 

Number 
cows not 
bred for 
this ges- 
tation 

iCOOSOCOtHdOOCOCS-tHTHTH ; 

iODb-.OOlQHiCOrHrH : : 

Gesta- 

tion 

number 

05 

M bD 

tHdCO'tHlQOb-OOCSOrHClCO-iH 

tH tH tH r-i tH 05 

CtJ t> 


* 


This column includes cows that received one or more services but died or were eliminated from the herd for causes other than sterility. 



992 ' E. A. HILEEE, M. H. FOHRMAN AND R. R. GRAVES 

of different animals. As was mentioned before, tlie early records of tliis 
station were not ahvays complete, wliicdi rendered some of tlie data suitable 
for some types of calculation but not for others, 

SXJMMARV 

The breeding records of the Bureau of Dairy Industry herd at Beltsville, 
Md., have been studied from the standpoint of breeding efficiency and sex 
ratio of offspring as influenced b^^ the ages of the cows and bulls and by the 
season of the year. 

The sires showed a gradual lessening of breeding efficiency wdth advanc- 
ing age, wb.th the exception of the 7-year-old group. No explanation can be 
offered for the decrease that occuimed in number of services per conception 
at this age. 

After the first gestation, age had little apparent effect upon the breeding 
efficiency of the cows. Heifers being bred for the first time required more 
services than the older cows. 

Bulls over 5 years of age showed a distinctly higher number of services 
per conception than did young bulls when bred to heifers being bred for their 
first gestation. Young bulls that were bred exclusively to virgin heifers 
proved even more efficient than the whole group of yoxing bulls. 

Breeding efficiency of the cow^s wms not appreciably affected by length of 
calving interval. 

The most noticeable effect of season on breeding efficiency was the rela- 
tively large number of services required for conception during midsummer, 
follow^ed by a sharp decrease in the fall. 

Data showing the yearly variation in breeding efficiency indicate that 
there was a tendency for the years of lowest breeding efficiency to follow 
years when the percentage of abortions was highest, 

A tabulation of the complete breeding life histories of 725 cows in the 
Beltsville herd indicates the probable breeding losses in a dairy herd from 
various causes. 

There is no evidence that any of the factors studied influenced the sex 
ratio of the offspring. 
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Tlie standard plate count, usually with incubation at 37 C., has been 
used almost to tbe exclusion of other possible means for determination of 
^'totaP^ numbers of bacteria in ice cream. The studies reported here seek 
to establish whether certain of the other methods used for dairy products 
may be substituted. 

I. THE EESAZURIN AND METH^LENE-BLUE REDUCTION TESTS 

Although both the resazurin and the methylene-blue reduction tests have 
been used quite widety on unpasteurized milk and to some extent on pasteur- 
ized milk and cream, they apparently have not been employed extensively 
for bacteriological evaluation of ice cream or ice cream mix. The simplicity 
and inexpensiveness of these tests commend them to use where applicable. 

METHODS 

Factory-packed pint samples of ice cream, each from a different manu- 
facturer, were shipped with dry-ice refrigeration to the laboratory, where 
they were held in the ice cream hardening room until analyzed. Data in 
parts II and III were obtained from the same set of samples. The ages of 
the different samples were not known. The plate counts were obtained by 
using the volumetric procedure (1). The methyl^ne-blue tests were made 
according to the Standard Methods procedure for milk, using methylene- 
blue thiocyanate tablets (1). The tubes were examined at one-half hour 
intervals, but they were not inverted at examination. The resazurin tests 
were made by adding 0.1 nil. of a 0.05 per cent solution of Eastman resazurin 
to each 10 ml. quantity of melted ice cream, which then was handled in the 
same manner as the methylene-blue tests. The time required for the milk to 
become a definite pink, free from blue, and the color changes at one and three 
hours were recorded. 

Thornton and Hastings (9) reported the presence of cysteine hydro- 
chloride accelerated dye reduction. In one series of the methylene blue 
tests, 0.2 ml. of freshly prepared N/10 cysteine hydrochloride was added to 
the ice cream-dye mixture before incubation. This amount was found by 
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preliminary experiment to increase the rate of reduction without causing 
extremely rapid deeolorization. 

RESULTS 

A general relationship between standard plate count and resazurin re- 
duction tests, using the time required for attainment of a pure pink color 
as the resazurin end-point, is apparent from the data presented in table 1. 
Had a standard of greater than 240 minutes to reduce the dye to the pink 
end-point been adopted, only two of 39 samples with place counts about 200,- 
000 per ml. would have been accepted; and ten sanqiles with counts below 
100,000 per ml. would liaA^e been rejected. One of the latter samples had a 


TABLE 2 

Eelationship of resazurin color change after incubation at 37° C. for 1 a7id 3 hours and 
standard plate count on 177 samples of ice cream 


Standard plate 
counts per ml. 

Number of samples after 1 
hour incubation falling in 
color class 

Totals 

Number of samples after 3 
hours incubation falling in 
color class 

1^ 

2 

3 

4 



2 

3 

4 

10,000 or less 

42 

2»> 

ic 

1 

46 

38 

6b 

ic 

1 

10,100-25,000 

37 

1 



38 

29 

9 



26,000-50,000 

13 

4 



17 

9 

7 


Id 

51,000-100,000 

19 

3 



22 

12 

7 

3 


101,000-200,000 

13 i 

4 



17 

5 

8 

3 

1 

201,000-500,000 

5 

1 



6 


3 

2 

1 

510,000-1,000,000 

5 

2 

2 


9 



2 

2 

5 

1,010,000-3,000,000 ... 

1 

7 

1 ' 


9 



4 

5 

3,100,000-10,000,000 


2 

3 

2 

7 



1 

6 

Greater than 
10,000,000 


1 

1 

4 

6 




6 

Totals 

135 

27 

8 

7 

177 

93 

42 

16 

25 


* 1 = no color change. = two samj^les with high direct naicroscopic 

2 = definite change to lavender. counts. 

3 = pink devoid of lavender. = one sample with high direct microscopic 

4 = white. ■ count. 

= abnormal color change in dye. 

very high direct microscopic count, indicating that the resazurin test may 
have been more accurate than the plate count in this instance. Direct 
microscopic counts were not available on most of the remaining samples 
which would have been rejected. No other end-point, with the possible 
exception of 180 minutes, w^ould have given a comparable degree of sepa- 
ration of the high-count samples from those with Ioav counts. 

The data of table 2 show that color changes at one hour failed to permit 
separation of the samples into satisfactory groups based upon plate counts. 
The plate counts of the four classes established by color \change at three 
hours overlapped considerably from class to class; but those samples in 
which the indicator had turned either definite pink or colorless in three 
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hours were baeteriologically unsatisfactory by either the plate count or the 
direct microscopic count in nearly all instances. This was true especially 
of those samples which had reduced the dye to the colorless end-point. 

A general relationship between methylene-blue reduction time and stand- 
ard plate count on 181 samples of ice cream is shown in table 3, although the 
spread in counts in each dye reduction class is considerable. Segregation on 
the basis of methylene-blue reduction times of samples with either high or 
low plate counts does not appear possible wdthoiit the misplacing of a con- 
siderable number of samples, particularly some with relatively high counts. 

The data on 151 samples presented in table 4 indicate that a considerable 
decrease in methylene-blue reduction time resulted from the addition of 
cysteine hydrochloride; but the relationship between results of the usual 
methylene-blue reduction test and the standard plate count was decreased 
considerably by this addition. The results show little promise of practical 
application. 

DISCUSSION 

The possible limitations of the plate count as a basis of evaluation of 
other bacteriological tests are recognized, but other bases of evaluation avail- 
able at present are subject to at least an equal number of potential limita- 
tions. The common use of the plate count for bacteriological control of ice 
cream makes desirable evaluation in terms of the plate count of newer meth- 
ods such as reduction tests. 

The data herein reported indicate that the resazurin reduction test, em- 
ploying either the time required for the dye to become a definite pink or the 
color after incubation for three hours as the end-point, has possibilities as a 
means of segregating the majority of the ice cream samples with high stand- 
ard plate counts from most of the samples with relatively low counts. 

The methylene-blue reduction test appears to be less suited than the 
resazurin test as a simple method of determining the bacterial content of ice 
cream. Possibly the conditions of ice cream storage are such that the flora 
of the product is capable of only mild reducing activity, even when present 
in considerable numbers; and the more easily reduced resazurin is affected 
to a greater degree by the same population than is the less easily reduced 
methylene blue. Addition of cysteine hydrochloride to the methylene-blue 
reduction tests hastens reduction but weakens the relationship between num- 
bers of bacteria and time of reduction. , 

CONCLUSIONS 

1, The resazurin test, using either time for the color to become completely 
pink or the color of the indicator after three hours as the end-point, showed 
possibilities as a means of segregating samples of ice cream with high stand- 
ard plate counts. The one-hour test showed little promise. 
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2. Segregation on tlie basis of tbe metliylene-blue reduction test of ice 
cream samples with bigb plate counts did not seem practical upon the basis 
of results obtained in this study. 

3. Addition of 0.2 ml. of N/10 cysteine hydrochloride to each methylene- 
blue test shortened the reduction time but disrupted the relationship between 
reduction time and standard plate count. 

II. PLATE COUNTS AT 45° AND 55° C. 

Although plate counts employing incubation temperatures above 37® C. 
have been used with some success in the bacteriological evaluation of milk 
and cream, such procedures apparently have not been employed to any ex- 
tent in testing ice cream. The studies reported here attempt evaluation of 
plate counts at 45° and 55° C. for determination of bacteriological quality 
of ice cream. 

METHODS 

The volumetric procedure (1) was employed in preparation of all plates. 
Duplicate plates of each dilution of each sample were incubated for 48 dz 3 
hours at 37°, 45° and 55° C. 

RESULTS 

The data showing the relationship between plate counts at 37° C. and 
55° C. for 121 samples are presented in table 5. Of the 16 samples having 
counts at 55° C. in excess of 10,000 per ml., 10 had 37° C. counts of more 
than 300,000 per ml., while only 24 of the total of 121 samples had 37° C. ' 
counts in this range. Some tendency for high counts at 55° C. to be asso- 
ciated with high counts at 37° C. thus was indicated. The relatively low 
general level of thermophilic bacteria in ice cream may be associated with 

TABLE 5 


Relationship of plate counts at ^7^ and 55° C. on T21 samples of ice cream 


Plate counts per 
ml. at 37° C. 

No. of samples with 55° C. counts per ml. of 

i 

Totals 

Less 

than 

1,000 

1,000- 

3,000 

3,100- 

10,000 

10,100- 

30,000 

31,000- 

100,000 

101,000- 

300,000 

Less than 1,000 

3 


1 




4 

1,000-3,000 

1 3 

2 

1 




6 

3,100-10,000 

16 

4 

5 

1 

1 


27 

10,100-30,000 

1 14 

8 




1 


23 

31,000-100,000 

16 

3 

4 

2 



25 

101,000-300,000 

10 


1 


1 


12 

310,000-1,000,000 

4 

2 


1 

3 


10 

1,010,000-3,000,000 

4 



1 

1 


6 

3,100,000-10,000,000 

1 

1 

1 

1 

1 

1 

6 

More than 10,000,000 

1 



1 



2 

Totals 

72 

20 

33 

7 

8 

1 

121 



1000 


P. E. NELSON 




BACTERIOLOGICAL. EVALUATION OP ICE CREAM 


1001 


the tendency for organisms of this type to die out at low temperatures, as 
has been demonstrated for milk (3, 6, 8). 

The relationship of plate counts at 37° C. to those at 45° C. for 123 
samples is shown in table 6. The data indicate a pronounced tendency for 
high counts at one temperature to be associated with high counts at the other, 
temperature, with comparatively few exceptions to the general relationship. 
The conclusion seems justified that counts at 45° C. would not furnish suffi- 
cient additional information over that obtained from counts at 37° C. to 
justify the routine use of both temperatures. 

niscussiON 

Plate counts at 45° C. and 55° C. apparently furnish little information 
not obtained by plate counts at 37° C. on ice cream. In view of the known 
effect of low-temperature refrigeration on the counts of thermophilic bac- 
teria in pasteurized milk, the comparatively small numbers of these organ- 
isms in ice cream of the type studied here are not unexpected. Routine 
detection in ice cream of organisms able to grow at 45° and 55° C. does not 
seem to be justified upon the basis of data obtained in this study. 

CONCLUSIONS 

1. The samples of ice cream examined contained few thermophilic bac- 
teria. 

2. Plate counts at 45° and 55° C. furnish little information in addition to 
that obtained with incubation at 37° C. 

III. THE DIRECT MICROSCOPIC COUNT 

Although Fabian (4) and Pay (5) outlined procedures for the direct 
microscopic method as applied to ice cream, neither of these investigators 
presented data concerning the quantitative significance of his results. Di- 
rect microscopic procedures for ice cream are presented in the seventh and 
eighth editions of Standard Methods for the Examination of Dairy Products 
(1, 2), with- the notation that basis for quantitative interpretation is not 
available. The studies reported here attempt evaluation of the direct micro- 
scopic procedure for determination of bacteriological quality of ice cream. 

METHODS 

Preparations for direct microscopic counts were made by smearing 0.01 
ml. of melted sample measured by capillary pipette over an area of 1 cm.^ 
The fixing and staining procedures outlined for ice cream in Standard Meth- 
ods (1) were followed. Each individual cell was counted, using a micro- 
scope adjusted to give a factor of 600,000 and counting the number of fields 
designated by Standard Methods for the various count ranges. 
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RESULTS 

The data in table 7 indicate a tendency for parallelism between plate 
and direct microscopic counts, with the microscopic counts tending to be of 
somewhat greater magnitude than the plate counts. The latter is not un- 
expected, since individual bacterial cells, rather than '‘sources,’^ were 
counted. By using a standard of direct microscopic count less than 1,000,- 
000 per ml, only 6 of 97 samples below this standard had plate counts above 
300,000 per ml. and none of these exceeded 1,000,000 per ml. in plate count ; 
only 5 of the 20 samples exceeding this direct microscopic count limit had 
plate counts below 300,000 per ml., and 2 of these had such excessively high 
direct niieroseopic counts as to indicate the probability the plate count w^’as 
at fault in evaluating the sample. A standard based on a requirement of 
a direct microscopic cell count of less than 1,000,000 per ml, would not have 
provided entirely satisfactory separation under the conditions of this study, 
although a microscopic count standard at this level might have definite pos- 
sibilities in segregating the majority of samples of excessively high plate 
count. Clump or source counts were not made, as counts of individual 
cells seemed more desirable from a fundamental standpoint. 

The data in table 8 indicate less relationship betw^een the direct micro- 
scopic count and the plate count at 45° C. than between the direct micro- 
scopic count and the plate count at 37° C. Especially notable is the number 
of samples with comparatively low plate counts at 45° C. which have high 
direct microscopic counts. Since plate counts at 45° C. on ice cream appear 
to have little or no significance beyond those at 37° C., the comparative lack 
of relationship at 45° C. between plate counts and direct microscopic counts 
would appear to be of little significance in the evaluation of the latter 
method. 

The data in table 9 show an almost complete lack of relationship between 
the direct microscopic counts and plate counts at 55° C. 

DISCUSSION 

The ability of the direct microscopic method, counting individual cells, 
to detect most samples with high plate counts at 37° C. was demonstrated, 
as was its lessened usefulness in detecting organisms growing at 45° C. and 
its almost complete lack of suitability for detection of those bacteria favored 
by incubation at 55° C. Especially in view of the reportedly satisfactory 
use of the direct microscopic procedure for bacteriological control of pas- 
teurized milk supplies in some areas (7, 9), the use of the method for control 
of certain types of ice cream supplies seems to be justified. The data do not 
indicate much possibility of use as a method of control of supplies on which 
low plate counts are the rule or for fine separation into several grades. 
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CONCLUSION 

Tlie direct microscopic count of individual cells offers possibilities as a 
screen test for detecting* the bacteriologically poorer samples of ice cream, 
as indicated by the plate count at 37'' C. 
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SULFUR COMPOUNDS AS DISINFECTING AGENTS FOR 
DAIRY EQUIPMENT^^ 

W. S. MUELLEE, EMMETT BENNETT, JAMES E. PELLEE 
Beparf'inents of Dairy Industry, Chemistry, and Bacteriology, Massachusetts 
Agricultural Experiment Station 

INTRODUCTION 

Chlorine eompoiinds haA^e been the most widely used germicidal agents 
employed by dairy plants and creameries. Actmties incident to the prose- 
cution of the World A¥ar, howeA^er, haA^e created demands for chlorine com- 
pounds so extensiA^e that supplies aA^ailable for domestic use are substantially 
limited. This limitation may well become more drastic as the war continues. 
Consequently, it is necessary, as well as desirable, to find substances that can 
be substituted for chlorine. It was the purpose of the present investigation 
to study the disinfecting properties of possible substitute germicidal agents. 

Sulfur was formerly thought to be a Amluable disinfectant, especially in 
the form of sulfur dioxide. In recent years, however, experiments have 
indicated that this compound has limited disinfecting value. It is used 
effectively as a fungicide and vermicide, but its only practical use as a bac- 
tericidal agent has been in preserving dined fruits, and in this case its effec- 
tiveness appears to be due to the increase of hydrogen-ion concentration 
resulting from the formation of sulfurous acid. 

Although there appeared to be little probability that sulfur compounds 
would prove to be of value for sterilizing dairy equipment, it seemed to be 
logical and necessary to obtain information about them, because there has 
been some revival of interest in their use as germicidal agents for dairy 
equipment. This report, therefore, is concerned with a study of the germi- 
cidal properties of certain sulfur compounds to determine their suitability 
for use in dairy plants. 

EXPERIMENTAL 

Acid sulfites are of two types, the bisulfite and the pyrosulfite (meta 
bisulfite), the latter being the anhydride of the former. The pyrosiilfites; 
do not exist in solution, but they dissolve in water and ionize, yielding a 
cation and the anion, hydrogen sulfiite, AAhieh is belieA^ed to undergo the 
folloAving transformation : 

2 HSO3 ^ SO3 + H2SO3 

H2SO3 + 

Solutions of the sulfites gradually decompose with the separation of 
sulfur and the production of sulfuric acid. As sterilizing agents their solu- 
tions' ai"e too corrosive for practical use, so it AA^as necessary to buffer them. 

EeceiTed for x)iiblieation June 1, 1944. 
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111 tlie M’ork reported liere, 5 iier cent solutions of potassinin pyrosulfite 
were buffered at pH 6, 7, 8, and 9. The buffer systems emiiloyed were as 
follows : Citric acid and sodium hydroxide at pH 6, trisodium pliosphate at 
pH 7, and boric acid and trisoclium phosphate at pH 8 and 9. On this basis 
the free sulfur dioxide produced amounted to 45 to 50 per cent of the weight 

TABLE 1 


Sterilising properties and corrosive action of various sulfur compounds 



Concentra- 
tion used* 

pH 

value 

j 

j 

1 

Survival of bacteria 
after varying 
periods of 
contact 

Corrosive action on tin 

Substance 

1 

5 

min. 

10 

min. 

15 

min. 

Loss (-) 
or 

gain {+) 
in 

weight 

Remarks and 
general 
appearance 




% 

% 

% 

% 


Potassium nieta 








bisulfite 

1.0% 

4.5 

5.0 

4.0 

5.0 

— 

Very corrosive 

£ ( 

1.0% 

7.2 

24.0 

30.0 

23.0 


immediately 
SI. corrosive 

i C 

5.0% 

6.0 

12.0 

10,0 

12.0 

6.68 - 

after 4 weeks 
VUsible corro- 

i i 

5.0% 

7.0 

12.0 

15.0 

1 13.0 

0.028- 

sion 

Not tarnished 

< i 

5.0% 

8.0 

10.0 

12.0 

10.0 

0.006 - 

Not tarnished 

£< 

5.0% 

9.0 

12.0 

9.0 

9.0 

0.021- 

Not tarnished 

£ £ 

10,0% 

4.0 

2.0 

2.0 

1.0 

— 

— 

£ ( 

10.0% 

7.2 

27.0 

29.0 

35.0 

— 



Sulfur dioxide 

1.4% 

1.6 

0.0 

0.0 

0.0 




it £i 

2.8% 

1.4 

0.0 

0.0 

0.0 

— 

— 

it ( i 

5.6% 

1.3 

0.0 

0.0 

0.0 

— 

— 

ii a j 

11.0% 

— 

0.0 

0.0 

0.0 

— 

— 

Acid sodium 








sulfite 

1.0% 

— 

29.0 

29.0 

30.0 

— 

Visible corro- 

Sulfuric acid 



1.4 1 

0.08 

0.08 




sion 

Visible corro- 

H.T.H. 15 

200 ppm. Cl 


o.a 

0.0 

0.0 

0,002-1- 

sion 

Not tarnished 

DistiUed water ... 

— 

6.4 

— 

— 

— ^ 

0.015-1- j 

Not tarnished 


* Percentages are by weiglit. 

Note: The dashes indicate that no determinations were made because, in comparison 
with weaker or less acid concentrations, results would be obvious. This statement does 
not apply to H.T.H. and distilled water. 

of the pyrosulfite, which is equivalent to a 2.25 to 2.50 per cent solution of 
sulfur dioxide. In all analytical work, reagent grade sodium bisulfite of 
known sulfur dioxide content was used as a control. 

‘When dairy equipment is being sterilized with chemical agents, the milk 
film that is likely to remain in and on the equipment may combine with the 
agent and then partially inactivate it. It' is well known that many disinfee- 
iants, chlorine included, can be inactivated in this way. For that reason, 
milk was combined with the sulfur compounds employed. The milk also 
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providecl a source of bacteria for testing the clistinfeetant properties of the 
eonipouncls. 

The sterilizing properties of the various solutions were determined by 
adding 2 ml. of raw milk to 48 ml. of the solution to be tested. Several dif- 
ferent lots of raw milk were emploj^ed. Immediately after the milk was 
added, each container was shaken rapidly 25 times, each shake being an 
up-and-down excursion of about a foot. Proper dilutions were made, and 
1 ml. quantities were plated after the milk had been in contact with the 
solution being tested for 5, 10, and 15 minutes. Standard tryptone-glucose- 
extract agar was used, and the plates were incubated for 48 hours at 37^^ C. 
The concentration of inoculum (ranging from 65,000 to 12,000,000 per ml.) 
was determined by adding 2 ml. of milk to 48 ml. of sterile distilled w^ater 
and plating by the dilution method. A chlorine solution (H.T.H.) con- 
taining 200 ppm. of available chlorine served as a control. Milk was added 
and the same procedure employed as with the test solutions. 

The corrosive properties of the sulfur compounds were tested on tinned 
copper strips of 1 inch by 2.5 inches dimensions. The metal strips were 
polished, washed, dried, and wmghed, and then were immersed in 125 ml. 
of the various solutions, which were agitated at room temperature. After 
16 hours, the metal strips were removed from the solution, rinsed with d’is-. 
tilled water, dried, and reweighed to determine any loss or gain in weight. 
The general appearance of the metal strips was also noted to observe any 
obvious evidence of corrosion. In a few" instances the solutions were not 
agitated, and the metal strips remained in the solutions at room temperature 
for four w"eeks. 

The results of the bacteria counts and of the corrosion tests are shown in 
table 1. It should be noted that in all instances where the bacteria counts 
w"ere reduced sufficient!}?^ to encourage the use of the agent, the pH values 
were quite low. (Although the pH value is not given for 11 per cent sulfur 
dioxide, it was unquestionably lower than for the other concentrations em- 
ployed.) Thus, it w"Ould appear that any substantial disinfecting property 
displayed was due to increased hydrogen-ion concentration. Above pH 6, 
the percentage reduction of bacteria w^as not sufficient in any instance to 
justif}^ recommending the use of any of the agents emplo 3 "ed. 

CONCLUSION 

The results of the experiments here reported do not encourage the use 
of sulfur compounds for dairy plant sterilization. 




LIVE-WEIGHT GAINS OF PASTUEE-PED DAIEY HEIPEES 

W. B. NEVENS 

Illinois Agricidtural Experiment Station, Urhana, Illinois 

It is well known that size of cow bears a close relation to mill^-prodncing’ 
capacity. Large size is best obtained through programs of feeding and 
management which will produce rapid live- weight gains throughout the 
developmental period prior to first calving. While pasture feeding is one of 
the best ways of inducing good growth in heifers, pasture forage yields vary 
greatly from farm to farm, depending upon kind of pasture crop and fer- 
tility of the soil, and from month to month, or season to season, depending 
upon rainfall and temperature. The live-weight gains of heifers having 
access to pasture as the oiilj- feed are likely to follow the same trends as the 
pasture forage yields and may be positive or negative. 

How much live-weight gain do dairy heifers make when pasture is the 
only source of feed ? Do the dairy breeds differ in their ability to utilize 
pasture for growth ? But few reports of experiments which supply answers 
to these questions are to be found in the literature. Bender and Bartlett 
(1) observed losses in weight of 40 to 100 pounds per head during the first 
month after fat two-year-old heifers were turned to pasture, while heifers 
winter-fed on roughage suffered no loss in weight and made greater total 
gains for the season. Eckles (2) made comparisons of the efficiency of 
Holstein and of J ersey heifers in the use of alfalfa hay only and a combina- 
tion of alfalfa hay and corn silage for the making of winter live-weight gains. 
The Holsteins consumed more feed, made larger daily gains, and required 
less feed per pound of gain. Hayden (3) found that 29 Jersey heifers, one 
to two years of age, which were kept at pasture for 159 days, made daily 
gains for the year equivalent to 0.8 pound per head ; while 22 Holstein heifers 
of the same age, which were pastured 151 days, made daily gains during the 
year amounting to 1.0 pound per head. Henderson and Anthony (4) re- 
ported daily live-weight gains of yearling dairy heifers kept at pasture from 
194 to 203 days as ranging from 0,3 to 1.13 x)ounds per head. In a farm 
survey conducted by Misner (5), it was found that the gain in weight of 
heifers in 107 dairy herds, the majority of which were grade Holstein, 
amounted to 261 pounds during the period from 12 to 24 months of age. 
The heifers were pastured for approximately 169 days. 

EXPERIMENTAL PROCEDURE 

The records of 178 dairy heifers wdiich had access to pastures, water, and 
salt as the only sources of feed during approximately five months of the year 
form the basis of the present study. The records covered the years 1936 to 

Received for publication June 5, 1944. 
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1943, inclusive. Tlie ages at the beginning* of the pasture season ranged 
from 8 to 24 months. None of the heifers calved or aborted while at pasture. 
Thej^ were turned to pasture in late April or early Ma^^, and kept on pasture 
until about October 1. In seasons of low rainfall (1937 and 1940) the pas- 
ture season was shortened, but in 1941 abundant rains made possible the use 
of pastures until the third week of October. The length of the pasture sea- 
son ranged from 112 to 170 days. Seale weights were taken on three suc- 
cessive days just prior to turnhig to pasture and at 4-week intervals there- 
after. 

In 1936 and 1943, the heifers wei^e pastured as one group, but in other 
years there were t^vo or three groups of heifers employed in a comparison 
of different pasture crops. Differences also occurred in the number of 
heifers of each breed used in these comparisons. These differences are con- 
sidered of too little importance to nullify or seriously impair the wortli of the 
data as a basis for the present study since the heifers had essentially the 
same opportunities of obtaining ample amounts of feed. The experimental 
pastures were carefully managed and usually provided abundant forage. 

DISCUSSION OF RESULTS 

The average live-weight gains ranged from approximately two-thirds 
pound daily for the Brown Swiss heifers to approximately one pound daily 
for the Ayrshire, with an average of 0.84 pound per head daily for all heifers 
(table 1). Sometimes the rate of daily live-weight gain is used as the sole 
criterion of the results of feeding trials. On the basis of live-weight gains 
alone, it appears in the trial here discussed that the Ayrshires and Holsteins 
were superior to the other three breeds. There are other pertinent criteria, 
however, which should be given attention when evaluating such data. One 
of these is the daily gain in relation to the initial live weight. It is shown 
in table 1 that the Ayrshires, Guernseys, and Jerseys, made approximately 
the same live-weight daily gains when th^se are expressed as a percentage of 
the initial 'weights. These values are higher than those for the Brown Swiss 
and Holsteins. 

A further criterion of the grazing ability of the breeds is the live- weight 
gain in relation to the amount of body weight maintained. The average of 
all scale weights for the season is assumed to be the amount of body weight 
maintained. The Holsteins maintained about 40 per cent more body weight 
and also made slightly larger daily gains than the Guernseys and Jerseys. 
This implies that the Holsteins consumed much more feed per head daily 
than heifers of the Guernsey and Jersey breeds. By the same reasoning, 
it is inferred that, with smaller amounts of pasture forage consumed and 
nearly as large daily gains per head made by the Guernseys and Jerseys, 
gains by these breeds were more economical. If the pastures were fully 
stocked, more Guernseys and Jerseys might be supported per acre of pasture, 
and the gains in live w^eight per acre would be larger. 
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A study was made of tlie variance of the daily gains of the heifers of 
each breed and the mean differences in daily gains of the five breeds. Using 
the F test as given by Snedecor (6) the calculated F value for the data is 
only 1.86, whereas values of 2.43 at the 5 per cent level, and 3.44 at the 1 per 
cent level, are required for significance. Applying the t test as stated by 
Snedecor, it is calculated that a difference of 0.437 pound would be required 
to show a significant difference in daily live-weight gains between any two 
of the breeds. It appears, therefore, that under the conditions of this trial, 

TABLE 1 


Live-weight gains of yearling dairy heifers icitli pastiire^as the only feed 




Average values per head 



Ayrshire 

Brown 

Swiss 

Guernsey 

Holstein 

J erscy 

Number of records 

Age at beginning of pas- 

27 

12 

26 

79 

34 

ture season, days 

Live weight at begin- 
ning of pasture sea- 

495 

495 

453 

483 

1 470 

son, lbs 

Average live weight for 
entire iDasture season, 

696 

823 

565 

1 

882 j 

564 

lbs 

Number of days on pas- 

1 ! 

8S2 

623 

891 1 

j 625 

ture 

Total live-weight gain 

! 1 00 j 

1 151 

147 

142 j 

151 

for season, lbs 1 

Live-weight gain daily, 

151 

103 

113 

123 

120 

lbs 1 

Standard error of 

0.97 ±0.03 

0.68 ± 0.05 

0.77 ± 0.01 

0.86 ±0.03 

0.80 ±0.04 

mean ! 

Coefficient of variability 
of daily live-weight ! 

0.26 ± 0.02 

,0.23 ± 0.03 

0.30 ± 0.03 

0.38 ±0.02 

0.36 ± 0.03 

gains 

Daily live-weight gain 
as percentage of ini- 

26.95 + 0.10 

33.89 ± 0.67 

39.62 ±0.11 

43.73 ± 0.06 

36.67 + 0.09 

tial weight, lbs 

Belative amounts of live 

0.139 

0.083 

0.136 ; 

0.104 

0.141 

weight maintained 

87 1 

99 

70 

100 1 

70 


no >significant differences were revealed in the inherent ability of these five 
breeds to make daily live-weight gains while pasture fed. This does not 
preclude the possibility that an experiment designed especially to study this 
point might reveal such differences, 

SUMMARY AND CONCLUSIONS 

Live- weight records of 178 pasture-fed yearling heifers of the Ayrshire, 
Brown Swiss, Guernsey, Holstein, and Jersey breeds made during the years 
1936 to 1943, inclusive, show average daily live-weight gains for the entire 
group of 0.84 pound daily. Avei’age daily live-weight gains for the breeds 
ranged from 0.701 pound for the Brown Swiss up to 0.963 pound for the 
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Ayrshire. In terms of percentage of the initial live weights, the average 
daily gains of the Ayrshires, Guernseys, and Jerseys were approximately the 
same and were somewhat higher than the corresponding values for the Browm 
Swiss and Holsteins. Statistical analyses of the variance of the livewyeiglit 
gains indicate that in this trial no significant superiority of any breed to 
make live-weight gains while pasture fed w’as demonstrated.' 

Because of characteristic differences in body size, it is assumed that some 
breeds made live-^veight gains with less pasture forage than others because 
of using less feed for maintenance. For example, the average daily live- 
weight gains of the Guernseys and Jerseys Avere nearly as large as those of 
the Holsteins, but the average live Aveight of the Guernseys and Jerseys Avas 
about 30 per cent less. 
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THE USE OF UREA IN COMMERCIAL DAIRY FEEDS 


W. H. HASTINGS 

Lindsey-Bohinson 4' Go., Inc.^ BomwTce, Virgima 

In Noveinber^ 1943, a small amount of crystal urea was made available 
under allocation to feed manufacturers- Previous to that time most of the 
urea not used for the war industries was allocated to the fertilizer trade. 
For several years the experiment stations in the larg‘e dairy states have been 
getting urea for research use ; and in 1941 the Association of American Feed 
Control Officials, foreseeing its feeding use, adopted a resolution accepting 
urea as an ingredient in proprietary cattle feeds. 

Hart et al. (2), in 1939, studied the utilization of urea by growing calves. 
They found that the conversion of urea nitrogen to protein was limited and 
dependent on the total protein in the ration. Mills, Booth, Bohstedt and 
Hart (5) in 1942 found that the micro-organisms responsible for the use of 
non-protein nitrogen needed an available source of energy ; that starch was 
more available as a source of energy than timothy hay. Rupel, Bohstedt and 
Hart (6) found that urea should not be fed at a rate greater than 1 per cent 
of the dry matter of the ration. This amounts to about 25 per cent urea 
nitrogen in the entire ration. 

Loosli and MeCay (4) found that calves as young as two months were 
able to grow on a ration containing about 75 per cent of the total nitrogen 
from urea. Johnson et al. (3) found that for sheep the biological value for 
urea was about 62. 

Goss (1) gives a good discussion of the mechanism involved in converting 
urea to protein in the ruminant. He concludes that urea may replace part 
of the protein in basal diets containing insufficient protein to maintain nitro- 
gen equilibrium, and adds that considerable vrork must be done before op- 
timum conditions for the use of urea are understood. 

Mills et al. (5) state ‘‘the effect of various ration constituents on the 
efficiency and rate of urea utilization should be thoroughly studied so that 
when and if urea becomes a practical nitrogen source for the farmer, urea- 
containing rations could be intelligently constructed to obtain the best re- 
sults with as little waste as possible.’’ 

The protein shortage ivhich developed in 1943 made it advisable to use 
urea before all the questions had been ans-wered. The work reported here 
was undertaken in an effort to further the data on the use of urea as it is 
used in commercial dairy rations. The part of the work completed so far 
reports on the effect of urea on milk production, milk composition, palatabil- 
ity of feed and general health of the cow. 

deceived for pnblicfitioix June 21, 1944. 
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Of the herds available to us for a feeding test, there was one that was out- 
standing. It consisted of about 30 registered Holsteins owned by a small 
local college. Last year, the third consecutive year on official test, the herd 
average was 437 pounds of bntterfat and 12,933 pounds of milk. The herd 
is under the constant care of a dairy manager and has been free from tuber- 
culosis, brucellosis and mastitis. 

Seven cows in one section of the milking barn were chosen for the test 
group. It ■was judged unwnse at that time to place more than this number 
on a ration that might give unfavorable results. The cow^s in this group 
■were near the herd average in age and previous production, and had fresh- 
ened bet^veen September and November, 1943, The rest of the herd received 
the control ration. Fifteen cow^s near the lierd average of prodnction and 


TABLE 1 

Dain/ ration gram concentrate formulae 


Ingredients 

Control 

ration 



Test ration 



Nov. 

Dee. 

J an. 

Deb. 

March 

April 

May 

Corn meal 

400 

400 

400 

400 

400 




Wheat bran 

250 

250 

250 

250 

250 




Distillers’ grain 

400- 

400 

400 

400 

300 




Corn gluten feed 

350 

200 

100 






Crimped oats 

200 

200 

200 

200 

200 




Yellow hominy 


310 

400 

490 

580 

Same 

Same 

Same 

Crystal urea 


35 

42 

50 

60 




Soybean oil meal 

200 








Molasses 

140 

140 

140 

140 

140 




Limestone 

20 

20 

20 

20 ^ 

20 




Bonemeal 

20 

25 

28 

30 

30 




Iodized salt 

20 

20 

20 

20 ; 

20 




Total 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 


age, freshening bet^veen September and November, were chosen for record 
comparisons. Theco^vs were milked twice a day and the milk weiglied. All 
silage, hay and grain concentrates were wmghed at each feeding. 

Table 1 shows the formulae for the grain concentrate used in the test and 
control rations. The average chemical composition is 20.6 per cent protein, 
4.5 per cent fat, 7.2 per cent fibre. The whole herd has been on the control 
ration since October, 1941. On November 1, 1943, the test group was given 
a mixture in which 35 lbs. urea, 310 lbs. homony and 5 lbs. bonemeal replaced 
200 lbs. soybean oil meal and 150 lbs. corn gluten feed. This kept the levels 
of protein (N x 6.25), fat, fibre and total digestible nutrients the same as in 
the original ration. In December, 100 pounds of corn gluten feed was omitted 
from the test ration ; and 7 pounds urea, 3 pounds bonemeal and 90 pounds 
of hominy were added. On January 1, 1944, the entire 350 pounds of gluten 
feed was omitted, -with urea and hominy feed making up the difference in 
protein and other nutrients. This made the non-protein nitrogen 36 per 
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cent of the total On Febriiaiy 1, 100 pounds of distillers grains was 
omitted, with urea and hominy added to make the non-protein 43 per cent of -, 
the total The test group has continued on this ration up to the present time. 

UREASE ACTIVITY IN SILAGE 

The feeding plan for this herd is quite eoninion to most farms in this sec- 
tion of the country. Cattle are on jiasture or in the tramp’’ shed except 
during the milking period. In the early part of the afternoon, when most 
of the help is available, silage is weighed out and put into the manger. 
Then the grain concentrate is weighed out and placed on top of the silage. 
Ill the middle of the afternoon the coivs come into the milking barn and to 
their stanchions. The cpiestion ^vas raised as to whether urea in the grain 
concentrate Avould be stable during the one- or tivo-hour period in contact 
'with the silage. 

Samples of different silages were brought into the laboratory and tested 
for urease activity. Soybean, alfalfa and corn silages were put into jars 
with urea and kept under practical feeding conditions. Water ivas added 
to some of these samples. An ali(iuot portion ivas taken from the jars at in- 
tervals and tested for free ammonia. When wmter was added and the 
material incubated at 37° C., aininonia 'was detected in a few hours. How- 
ever, it took several days at ordinary room temperature with the original 
moisture content of the silage before ammonia wms evident in the samples, 

PALATABILITY OF FEEDS 

During the seven months that urea has been available for dairy feeds, we 
liave had some complaints of feed refusal and digestive disorders among 
cows on urea-containing feeds. Each of these complaints was investigated 
ivith the thought in mind that urea might he causing this trouble. Bach 
case, however, wms due to some other condition. Sometimes in returning to 
the milking ration from a fitting ration the coivs refused the feed -and re- 
mained oft* feed even when presented with a ration not containing urea. 

With the herd on test no trouble wdth palatability or off feed was ex- 
perienced during the entire period. On a group of six cows the feed was 
changed overnight, and eiieh time the test ration or the control ration was 
consumed with equal relish. It is a well-kno’vm fact that Holsteins are not 
as particular in their feeding habits as Guernseys or Jerseys. A herd of 
Guernseys receiving a commercial ration containing no molasses was tested 
for its reaction to urea. Three per cent urea was added to this dried ration 
and fed for four days. No cow in the herd showed any sign of refusing the 
feed. 

MILK COMPOSITION 

The butterfat content of the milk in the herd under consideration was 
tested each month by the official tester for the Dairy Herd Improvement 



Monthly record of milk production and hutterfat percentage 
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May 

c3 

-cociiqooOTH iq 
^ cQ ci ro o'j oi ci co 

b- rH VO O Cl rH to ro s>. tH »Q CO iH r~j lt>. 

CO 03 co xH CO CO CO CO CO ciQ CO Tli x}i CO CO co’ 


133 CO IQ cs CO Oi to lO OS 
rO '>'3 CM CM rH xH H Cl 

t^OOCXDOSCDxHOOClCOCS'HSOOOVOOO Oi 

Cl CM CO CO tH Cl (M CO Cl 01 CO iH tH Cl Cl Cl 

April 

Pat 

^ O CS CS OC O QC Cl Cl 
^ CO Cl Cl ci c6 Cl CO CO 

cs iq OO 03 o cq o 'H 01 lx cq vq oq cq 

CO CO Cl CQ Cl CO ci oo CQ CC CQ oo CO CO ci CO* 

Milk 

1 as' 1- rW lO CO --H O 00 tH 
ra Cl CO CO 01 01 01 CO 
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/ 

Harvel 

Henny 

Heath 

Hara 

Harley 

Hue 

Heaton 

Average 

Hofer 

Hat 

Hackle 

Hab 

Hoylton 

Helmar 

Huckerk 

Helag 

Hattag 

Harlag 

Hamill 

Helama 

Henning 

Hika 

Heart 

Average 
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Association. The percentage of bntterfat in the test group averaged 3.3 per 
cent during the test period. The percentage of bntterfat in the control 
group averaged 3.4 per cent. 

Three times during the test period protein tests were made on milk taken 
from the different groups. Each time the average milk protein in the test 
group was slightly higher than that in the control group, although individual 
tests varied by more than this diffei’euce. The overall average for milk pro- 
tein ill the test group was 3.2 per cent, with that of the control group 3.0 per 
cent. . 

MILK PRODUCTION 

The cows were milked twice a day and each milking was weighed to the 
nearest tenth of a pound. Average production for each cow during each 
month of the test is tabulated in table 2. The average per cow for the test 
group and the control group is very nearly the same for each month over the 
test period. The average for the seven months is 36 pounds per day for the 
test group and 35 pounds for the control group. 

DISCUSSION 

There is not much question that, over the short period of this test, urea 
can be used in dairy rations to replace part of the natural protein without 
unfavorable results. Milk production has been maintained in the test group 
at a level equal to that in the control group. Milk fat and milk protein in 
the test group agree with that in the control group within the limits of prob- 
able error. The results have been summarized in table 3. 

TABLE 3 


Average daily mills production, milh composition and feed consumption 
on the test and control rations 



Test ration 

Control ration 

Number of cows fed 

7 

15 

Number of days in period 

210 

210 

Daily feed, pounds 



Concentrates 

10.8 

10.5 

Hay 

10.0 

10.0 

Silage 

21.4 

21.4 

Daily milk, pounds 

36.0 

35.0 

Per cent of fat 

3.3 

3.4 

Per cent of protein 

3.2 

3.0 , 

Weigkt, pounds — April 

1443 

1382 

June 

1471 

1411 

Gain 

28 

29 


We do not know yet what these results may be over a longer period of 
time. The feeding requirements at a given level of production can be 
calculated. For example, the cows on test producing an average of 36 
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pounds of milk a day, with an average iirotein content of 3.2 per cent, 
would need 1.15 pounds of jii^otein. Add to this the protein requirement 
for niaintenance, which is 0,9 iiounds a day for cows of this weight, and you 
get a total daily requirement of 2.05 pounds of protein. By using Morrison's 
figures of protein digestibility, these cows received 2.3 pounds of digestible 
protein a day. However, if urea \vere not available as a source of protein or 
if the protein intake per day were figured without urea, each cow would 
receive 1.6 pounds a day digestible protein. This would leave the cow 
deficient to the extent of about 0.5 pound protein a da.y. It would not take 
long at this level for the cow to show some evidence of deficiency, either in 
decreased production or in loss of weight. Of course, the accepted fiigiires 
for maintenance over a short period may be considerably lower than now 
estimated, but it would have to go down to 0.3 x)Ound digestible protein a day 
l)er 1000 pounds weight, before this deficiency would be corrected. 

One of the cows in the test group aborted a five'-month-old fetus. The 
reason for this could not be determined. A veterinarian's report on tlie 
herd showed normal embryonic development and weight"^ between April and 
June. The cows in each group had maintained milk production and gained 
an average of 28 pounds during these two months. 

The whole herd on test did not give as good results as the previous years ^ 
recoi’ds would indicate. One reason for this is that the cows were milked 
only twice a day, whereas three milkings per day had been the practice in 
past years. Another reason be the low quality of hay available. The 
alfalfa stand had been overrun with orchard graSvS, giving the hay a high 
fibre content and a lower T.D.N. value. These tests are continuing and will 
include records from all the cows in the herd, some of which have production 
figures of 23,000 pounds a ^mar. 


SUMMARY 

1. Urease activity was observed in all silage samples tested ,• but under 
average conditions of time, temperature, and moisture there was no practi- 
cal destruction of urea when added to a dairy ration and placed over the 
silage in the manger. 

2. No condition of unpalatability or digestive disorder in any eonimercia] 
or test ration containing urea could be traced to the use of this ingredient. 

3. The percentage of butterfat and protein in the test group and in the 
control group did not differ significantly. 

4. Milk production during the first seven months of lactation was the 
same in the test group as in the control group. 
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Lez, Luis Gonza, 2184 Lineolnway, 
Ames 

Mortimer, Jack, 145 Sheldon, Ames 
Salmeron, Bodrigo, 2184 Lincolnway, 
Ames 

Swanson, Gerald, Kelley 
Wright, B. K., Henderson 


Wales, Harold 0., Johnson 

WTlkowske, Howard, 427 Sylvan St., 
Emx>oria 

Wise, George H., Dept, of Dairy Husb., 
Kansas State College, Manhattan 

Subscribers: 

Kansas State College, Library, Man- 
hattan 

Nutrena Mills, Inc., 44 Ewing St., 
Kansas City 

Porter Library, Kansas State Teachers 
College, Pittsburg 

Beeves, E. E., B. B. #3, 4729 Mabel St, 
Kansas City 

Yarnell, Bay, Editor, Capper ’s Farmer, 
Capper Publications, Inc., Topeka 

Associate Subscribers : 

Gardiner Dairy & Ice Cream Co., Gar- 
den City 

Topeka Pure Milk, 400 Jackson St,, 
Topeka 


Kentucky 


Members : 

Barkman, j. 0., Dairy Dept., Univ. of 
Kentucky, Lexington 


Copeland, Lynn, Daiiw Ext. Dept., 
Univ. of Kentucky, Lexington 
Ely, Eordyce, Univ. of Kentucky, Lex- 
ington 


New member. 
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Hervey, Marshall C., 2026 Tyler Lane, 
Louisville 5 

Morrison, H. B., Dairy Dept., Univ. of 
Kentucky, Lexington 

Sltmme, John J., 224 E. 20tli St., Cov- 
ington 

Sutacrihcrs : 

DeLozier, Harry, 242 E. Madison, Boom 
112, Louisville 

Ewino, C. O., Oscar Ewing & Sons, Box 
1017, Louisville 

Johnson Camden Library, MoreLead 
State Teachers Coll., Moreliead 

Murray State Teachers College, Li- 
brary, Murray 


OSBURN, F. H., Falls Cities Coop. Milk 
Prod. Assn., 229 Bourbon Stock Yards 
Bldg., Louisville 

Joseph E. Seagram & Sons, Ino., 7th 
St. Bd., Louisville 

University op Kentucky, Expt. Sta- 
tion Lib., Lexington 

Western Kentucky Sta^’e Teachcirs 
Col., Bowling Oreen 

Associate Siihscril)eTs : 

Ewing Von-Allmen Dairy, Box 777, 
Louisville 

Kentucky Dairies, 981 S. Third St., 
Louisville 


Louisiana 


Mem’be^'s : 

Autrey, Dr. K. M,, Eoute #1, Many 

Brown, Dr. C. A., Southern Dairy 
Prods., Inc., 6317 S. Bobertson St., 
New Orleans 

Davis, 0. C-, 6343 W, End Blvd., New 
Orleans 19 

Flake, J. C., 3239 Spain St., New 
Orleans 17 

Fletcher, Lane, John McNeese Jr. Col- 
lege, Lake Charles 

Gaalaas, B. F., Iberia Livestock Expt. 
Farm, Jeanerette 

Gelpi, a. J., Jr., Assoc. Prof, of Dairy- 
ing, University 

Mixner, John P., Zoology Dept., 
Louisiana State Univ., Baton Bonge 
*Neasham, E. W., Louisiana State Univ., 
Univ. Station, Baton Bouge 

Bivers, Philip, Soutlmestern Louisiana 
Inst., Lafayette 


Bougeou, C. L., Dept, of Agric., South- 
western Louisiana Inst,,, Lafayette 
Busopp, Louis L., Dairy Bes., Louisiana 
State Univ., Baton Bouge 
Seath, Dwight M., Agr. Expt. Station, 
University 

Suhscrihers : 

Food & Drug Adm., Boom 225, U. S. 
Custom House, 423 Canal St., New 
Orleans 

Louisiana Polytechnic Inst., Library, 
Buston 

Louisiana State Univ., Library, Uni- 
versity Station, Baton Bouge 
Southern University, Library, Scot- 
landville 

Stephens Memorial Library, South- 
western La. Inst., Lafayette 
Vet., New Orleans Port op Embarka- 
tion, New Orleans 


Maine 


Memters : 

cairns, G. M., Dairy Dept., Univ. of 
Maine, Orono 

Dorsey, L. M., Dairy Div., Univ. of 
Maine, Orono 

Bandall, C. C., 34 Waldo Ave., Belfast 


Subscribers : 

University op Maine, Library, Orono 

A ssociate S iibscrihcrs : 

Sealtest Lab., General lee Cream Corp., 
323 Commercial St., Portland 


Maryland 


Members: 

Arnold, FIjOyd, Ext. Service, Univ. of 
Maryland, College Park 

Berry, M. H., Dairy Husb. Dept., Univ. 
of Maryland, College Park 

Brauner, Donald J., 5021 37th Place, 
Hyattsville 

Cary, C. A., 4605 Queensbury Bd., Biver- 
dale 

Caskey, 0. D., Jr., Southern States 
Coop., 2101 E. Fort Ave., Baltimore 
30 

Converse, H. T., Beltsville 

Culver, Verb S., Port Deposit 
* New member. 


England, C. W., 4408 Underwood St,, 
Hyattsville 

*FarRj B. H., 1600 Seminary Ed., Silver 
Spring, Md. 

Harding, Dr. H. G,, Sealtest Bes. Labs., 
1403 Eutaw Place, Baltimore 17 
Harvey, S. H., c/o Dr. C. W. England, 
Univ. of Maryland, College Park 
Hodgson, B. E., 7006 Wake Forest Drive, 
College Park 

Hyatt, George, Jr., Dairy Dept., Univ. 

of Maryland, College Park 
Johnson, Arnold H., 1403 Eutaw Place, 
Baltimore 
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Leighton, Alan, Bur. of Dairy Ind., 
P. O. Box 5, Brentwood 

Lescure, J, M., Fairfield Western Mary- 
land Dairy, Linden Aye. & Doli)liin St., 
Baltimore 

MacDonald, Alexander, 9 Park A'alley 
Bd., Silver Spring 

Marty, Ivan M., Bur. of Milk ControL 
Sanitary Sect., Health Dept., Balti- 
more 

Matthew?, Charles A., U. S. Bur. of 
Dairy xnd. Sta., Nation. Agrie. Ees. 
Center, Beltsville 

McBlwee, H. W., 201 Beynolds Ave., 
Hagerstown 

Mecham, C. Marion, 2503 Taylor Ave., 
Baltimore 14 

Metcalf, K. L., Box 459, Frederick 

Moore, L. A., Dept, of Dairy Hush., 
XTniv. of Maryland, College Park 

Myers, R. P., *1403 Eutaw Place, Balti- 
more 

Naylor, Ens. H. B., 3304 Park Ave., 
Frederick 

Nicolet, Ben H., Bur. of Dairy Ind., 
Beltsville 

Sandholzer, Leslie A., Tech. Lab., Fish 
& Wildlife Service, College Park 

Siegel, Maurice, 15 S. Gay St., Balti- 
more 

SiEGMUND, Dr. H. B., Hendler Creamery 
Co., 1100 E. Baltimore St., Baltimore 

Smith, F. R., Camp Detrick, Frederick 

Tyler, Max E., Camp Detrick, Frederick 


Whitaker, R., National Dairy Prod. 
Corp., 1403 Eutaw Place, Baltimore 15 

Woodward, T. E., 6801 Piiieway, Hyatts- 
ville 

Suhscrihers : 

Beltsville Branch, U. S. Dept, of 
Agrie. Lib., Center Bldg., Beltsville 

Live Stock Sanitary Service, Labora- 
tory, College Park 

Sealtest, Inc., Library, 1403 Eutaw 
Place, Baltimore 17 

State Dept, of Health, 2411 N. Charles 
St., Baltimore 

Thomas Supply Co., G. L. Thomas, Jr., 
Lilypons 

University of Maryland, Library, Col- 
lege Park 

Vet., Camp Detrick, Frederick 

Vet., Edgewood Arsenal 

Vet., Hdqs. Third Service Com., 
U.S.P.O. & Court House, Baltimore 2 

Welch, William H., Medical Library, 
1900 E. Monument St., Baltimore 

Associate Suhscrihers : 

Kress Farm Dairy, Inc., Preston & 
Gay Sts., Att.: H. K, Harrison, Balti- 
more 

Student A filiates: 

Porterfield, Ira D., Dairy Dept., XJniv. 
of Maryland, College Park 


Massachusetts 


Members: 

Alger, James W., 32 Federal St., Box 
127, Reading 

Archibald, John G., Dept, of Animal 
Hiisb., Mass. State College, Amherst 
Berggren, Ruth E. L., 15 Adams St,, 
Winter Hill 

Birdseye, Clarence, Eastern Point 
Blvd., Gloucester 

Bradfield, Alec, 43 Farw^eli Ave., Mel- 
rose 76 

Burnham, A. Clayton, Jr., Box 117, 
Wenham 

Campbell, P. A., Eastern States Farm- 
ers Exch., West Springfield 
Cooley, Louis A., Mgr., Whiting Milk 
Co., 570 Rutherford, Boston 
CoRT, Joseph C., Milk Control Bd., 209 
Washington St., Boston 
Fawcett, Clifford J., Massachusetts 
State College, Amherst 
Fat, A. C-, H. P. Hood & Sons, 500 
Rutherford Ave., Boston 
Foley, Richard C., Stockbridge Hall, 
Massachusetts State Coll., Amherst 
Frandsen, j. H., Dept, of Dairy Hnsb., 
Massachusetts State CoU., Amherst 
* New member. 


Freeman, Stanley L., 419 Spring St., 
West Bridgewater 

* Holmes, Arthur D., Massachusetts 
State College, Amherst 

Horsely, E. M., Deerfoot Farms Co., 
Southboro 

Howard, Harlan A., 750 N. Pleasant 
St., Amherst 

Jenkins, Herbert, 22 Washington St., 
Somerville 

Johnson, Lawrence W., 155 Lexington 
St., Waltham 54 

Kaye, Arthur E., 35 Buckholtz St., 
Springfield 

Lindquist, Harry G., Dept, of Dairy 
Ind., Massachusetts State ColL, Am- 
herst 

Lythgoe, Hermann 0., Food & Drug 
Biv., New Hosp. Bldg., State Tubercu- 
losis Sanatorium, Westfield 

Marcus, Theodore, 513 Warren St., Rox- 
bury 21 

McMillan, Donald Y., 17 Summit Ave., 
Brookline 46 

*Mojonniir, Robert W., 10 Forest St., 
Cambridge 

Mueller, W. S., Dept, of Dairy Ind., 
Massachusetts State College, Amherst 
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Nickolls, C. R., 500 Rutherford Ave*, 
Boston 

^'Eice^ V, A.j Massachusetts State College, 
Amherst 

Eobertson, a. a., City Hall, Newton 

Selby, Howard W., 88 Cambridge St., 
Charlestown 

Shrader, Dr. J. H., Eastern Nazarene 
Coll., Wollaston 

"'•Sibley, John E., Spencer 

Smith, Albert W,, United Dairy Sys- 
tem, Springfield 

■^'Smith, Ceiester Q., Box 141, Hadley 

Smith, Harold W., 16 Tantallon Ed., 
Andover 

Ward, Euel E., Eastern States Partners ^ 
Exeh., Springfield 

Watson, James G., New England Home- 
stead, Springfield 

Whitworth, John, 40 Garland St., Mel- 
rose 76 ■ 

WiLLMAN, Alfred, 19 Elizabeth Ed., 
Belmont 

Siihscrihcrs : 

Atlantic Ees. Assoc., Inc., Newton- 
ville 

Walter Baker & Co., Inc., Att. : N. W. 
Kempf, Dorchester 

Board of PIealth, Milk Inspector, Box 
45, Southbridge 

Boston Molasses Co., 131 State St., 
Boston 

Boston Public Library, Copley Square, 
Boston 

Burke, Edmund W., 76 Spruce St., 
Watertown 

Depot Vet., Boston Q.M. Depot, Boom 
#79, Faneuii Hall Mkt., Boston 9 

Div. OF Pood & Drugs, Boom 524A, State 
House, Boston 


Essex Aoeio, School, Hathorne 

P. W. Faxon Co., 83 Francis St., for: 

IJniy. of Louvain, Boston 
Kapples, J. W., 1431 Hancock St., 
Quincy 

Mass. Inst, of Technology, Library, 
Cambridge 39 

Massachusetts State College, Goodell 
Lib., Amherst 

Mears, Egbert P., 3 Backmgliam Ed., 
Milton 

Middlesex Univ. Library, Waltham 
Yet., Boston P. O. E., Boston 
VET., Hdq. IhRST Service ComxC, 808 
Commonwealth Ave., Boston 
Yet., First Service Comm. Lab., 281 
South St., Jamaica Plains, Boston 
H. K. Webster Co., 24 West St., Law- 
rence 

Aswclafe ubficrihcrs : 

David Buttrick Co., 30 Mill St., Arling- 
ton 

General Ice Cream Corp., North Abing- 
ton 

Norton, Eaymond P., H. P. Hood & 
Sons, Inc,, 58 Morton St., Newton 
Centre 

Pittsfield Milk Exch., 120 Francis 
Ave., Pittsfield 

White, Mrs. Anne, General Ice Cream 
Corp., Springfield 

Stndent A ffiliaics : 

Clapp, Elmer E., Jr., West St., I^eeds 
March, Eichard P., 30 Otis St., Med- 
ford 

Monroe, Egbert A., 97 Broad St., Wey- 
mouth 


Michigan 


Members : 

Alger, Harry B., 13505 Griggs, De- 
troit 4 

Anderson, A. G., Schoolcraft, Kalama- 
zoo County 

Anthony, E‘. L., Michigan State College, 
East Lansing 

Baltzer, a, G., Dairy Bept., Michigan 
State College, East Lansing 

Bechtel, H. ErEest, Box 68, N. End 
Station, Detroit 

Bryan, 0. S., Baet. Dept., Michigan 
State College, East Lansing 

Burlingame, M. M., Borden’s Farm 
Prod. Co., 3600 Forest Ave., E., De- 
troit 

""Christiansen, James B., Box 68, North 
End Sta., Larro Ees. Farm, Detroit 2 

CoitE, Clarence L., Dept, of Animal 
Husb., Michigan State College East 
Lansing 
* New member. 


Cope, George, 19915 Imperial lligluvav, 
B(‘df ord Tow uship 

""Courtis, Joseph W., 422 Cross St., Ann 
Arbor 

Cronenweth, H. E., 642 New Center 
Bldg., Detroit 

Duncan, Clifford W., Expt. St. Chem- 
istry, East Lansing 

Dunn, J, A., Diamond Crystal Salt Co., 
Inc., St. Clair 

Fabian, F. W., Div. of Vet. Science, 
Michigan State College, East Lansing 

Gierbach, George, Soo Creamery, Sanlt 
Ste. Marie 

Gould, Ira A., Dairy Dept., Michigan 
State College, East Lansing 

Geegarek, Floyd J., 3730 Montgomery, 
Detroit 

Hays, J. G., 605 Butterfield Dr., East 
Lansing 
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Horwood, Russell E., Dairy Husb- 
Dept., Alicliigan State College, East 
Lansing 

Huffman, Gael P., Dairy Dept., Miclii- 
gan State College, East Lansing 
Humphrey, George G., 407 E. Court St., 
Ludiiigton 

Jensen, J. M., Dairy Dept., MicMgan 
State College, East Lansing 
Johnson, George K., Box 288, Iron 
River 

Jones, V. R., e/o J. B. Lord Co., Wyan- 
dotte 

Krehl, E. C., 15868 Wliitcomb, Detroit 
Lepard, Olin L., Tekoiislia 
Lucas, P. S., 909 Sunset Lane, East 
Lansing 

McIntyre, George S., Cliatliani 
Miller, Charles D., Eaton Rapids 
Morley, Lewis W., Micliigan Milk Prod. 

Assn., 406 Steplienson Bldg., Detroit 
Olson, Major J. C., Jr., Biologic Pi’od. 
Lab., IJ. S. Army Med. Dept., DeWitt 
Rd., Lansing 4 

■^Parks, Sam R., Sturgis Milk Co., Sturgis 
Petrie, Ernest B.' Loeksliore Earm, 
Gressey 

Richards, W. P., Mason 
Boehm, L. S., The Dow Chemical Co., 
Midland 

Rogers, C. A., 8731 Witt St., Detroit 
Sandburg, Mrs. Carl, Harbert 
Scheidenhelm, E. C., Dairy Bldg., 
Michigan State College, East Lansing 
Seidel, G. J., 1838 McKinley Ave., Bay 
City 

Seidel, Martin, 403 E. John St., Bay 
City 

Snyder, Woodrow, Dept, of Dairy Husb., 
Mic'higau State College, East Lansing 
Staff, Charles, Larro Res. Farm, North 
End Sta., Box 68, Detroit 
Stephenson, Robert, 822 N. Main St., 
Three Rivers 

Stine, V. L., Dept, of Dairy Husb., 
Micliigan State Coll., East Lansing 
Sykes, Joseph P., Michigan State Col- 
lege, East Lansing 

Trout, G. Malcolm, Dept, of Dairy 


Husb., Michigan State College, East 
Lansing 

Turney, G. J., Room 205, City Hall, 
Lansing 

Weaver, Earl, Dairy Dept., Michigan 
State College, East Lansing 
Weber, Dale K., Box 2007, Michigan 
Ave. Sta., Lansing 11 
Zoller, Dr. Harper P., 12105 North- 
lawn Ave., Detroit 

S uhscribers : 

Beach, B. P., Michigan Prod, Dy. Co., 
Adrian 

Bryant, C. B. A., Gen. Del., Box 455, 
Montgomery 

Christy, C. P., Kalamazoo Yeg. Parch- 
ment Co., Kalamazoo 
Detroit Public Library, Woodward & 
Kirby Aves., Detroit 2 
Gelatin Products Co., 9425 Grinnell 
Ave., Detroit 13 

Gerber Products Co., Laboratory, Fre- 
mont 

He.\lth Department, Bureau of Labs., 
Kalamazoo 9 

Health Dept., Room 110, City Hall, 
Saginaw 

Larrowe Milling Co., Box 68, North 
End Station, Detroit 
Michigan State College, Dairy Husb. 
Dept., East Lansing 

Michigan State College, Library, East 
Lansing 

Sanitary Dairy Co., Box 125, Muskegon 
Sullivan Milk Products, Battle Creek 
Wagner, Gar, McDonald Coop. Dairy 
Co., 617-21 Lewis St., Flint 3 

Associate Subscrihet's : 

Detroit Creamery Co., 333 Grand River 
Ave., Att.: C. J. Schneider, Detroit 32 

Student Affiliates: 

Bortebe, Alfred L., 23 7 1 Yalley Ct., 
East Lansiug 

Cheesman, Edward C., 2621 Copliii 
Ave., Detroit 15 


Minnesota 


Members : 

Ahl, Martin Y., Bridgeman-Russell Co., 
Duluth 

Ahlstrand, Eric, 515 State Off. Bldg., 
Dairy & Food Dept., St. Paul 1 
Astroth, Prank B., 1453 Hythe St., 
St. Paul 

Barker, E. M., Rochester Dairy Co., 
Rochester 

Bonney, Richard, 507 S. Cleveland, St. ' 
Paul 

Combs, W. B., Dairy Div., University 
Farm, St. -Paul 

* New member. 


Coulter, S. T., University Farm, St. 
Paul 

Erekson, j. Arion, Dairy Dept., Univ. 

of Minnesota, St. Paul 
Ferrari, 0. G., 2010 E. Heiin, Minneapo- 
lis 13 

Pitch, J, B., Dept, of Dairy Husb., 
University Farm, St. Paul 
Feederiksen, F, M., 222 Third St., 
N. E., Faribault 

Gilmore, Lester O., Dairy Dept., Uni- 
versity Farm, St. Paul 
Goforth, Howard J., 415 Grove, St. 
Paul 
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GullicksoNj T. W., Univ. of Minnesota, 
St. Paul 

Halverson, Kalph, 3335 Holmes, Min- 
neapolis 8 

Hanson, Clements G., Bavnum Cream- 
ery Co., Baninm 

Hanson, Eaymonb L., Rochester Dairy 
Coop., Rochester 

tiAwiciNS, Orville J., Dairy Division, 
ITniv. of Minnesota, St. Paul 
Healy, Henry A., Dairy Products Labs., 
2244 Carter Ave., St. Paul 
Jenness, Robert, Div. of Agrie. Bio- 
chemistry, University Farm, St. Paul 
Ketcham,' Wesley J., 1125 91 Ave., 
S. E., Rochester 

Kunkel, Reinold, Dairy Hush. Div., 
University Farm, St. Paul 
Leighton, Ramer, University Farm, St. 
Paul 

Lohmann, Arnold, Zumbrota 
Luby, Daniel J., 1225 Juno St., St. Paul 
Macy, Harold, Div. of Dairy Husb., 
Univ, Farm, St. Paul 
Mattson, H. A., Ives Ice Cream Go., 128 
Univ. Ave., S. E., Minneapolis 
^Miller, Wallace, New Prague 
Nelson, H. Godfrey, Div. of Public 
Health, 401 City Hall, Minneapolis 
Palmer, LeRoy S., University Farm, 
St. Paul 

Petersen, W. E., Dairy Dept., Univer- 
sity Farm, St. Paul 

Searles, H. R., University Farm, Agr. 
Ext. Div., St. Paul 


Blatter, Walter, E 32, 2024 Common- 
wealth Ave., St. Paul 8 
Sorensen, C. M., 739 Pillsburg Ave., St. 
Paul 

Vacha, G. A., Room 527, State Ofliee 
Bldg., St. Paul 

Weirether, Francis J., Div. of Vet. 

Med., Univ. of Minnesota, St. Paul 
Wilson, John L-, Economics Lab., Inc., 
914 Guardian Bldg., St. Paul 
Zakariasen, Ben M., 1309 Cleveland 
Ave., N., St. Paul 

S iihscrihers : 

Archer-Daniels-Midland Co., Div. of 
Biological Res. & Dev., Att. : Lab., 
P. 0. Box 839, Minneapolis 2 
Bright, W. M., e/o J. R. Watkins Co., 
150 Liberty St., Winona 
James Jerome Hill Ref. LnmARY, St. 
Paul 2 

Nelson, J. Wesley, Cargill, Inc., 110 
Corn Exchange, Minneapolis 15 
University Farm, Library, St. Paul 

A.srsociafe Svhscrihers : 

First District Assn., Litchfield 
Hogander, John E., Northland Milk & 
lee Cream Co., 11 W. 28th St., Minne- 
apolis 

Johnson, M. R., Box 671, Willmar 
Marigold Dairies, Inc., Att. : E. J. 
Koeneman, Rochester 


Mississippi 


Members : 

Co'WSert, W. C., Box 452, State College 
Herzbr, F. H., Dept, of Dairying, Mis- 
.sissippi State College, State College 
Higgins, L. A., Starkville 
Johnson, Frank, Pontotoc 
*Mercier, John D., Corinth 
MITCHELL, S. B., Water Valley 
Moore, J. S., Dairy Dept., Mivssiasippi 
State College, State College 
*VanI)evender, Ppc. V. C., Vet. Det., 
Keesler Field 


Waters, Richard E., State College 

Weeding, William H., Medical Detach., 
Keesler Field 

•a8 u bsenhers : 

Alc!orn a & M College, Library, Al- 
corn 

General Library, MiHsissippi State Col- 
lege, State College 

McWilliams, H. F., Sr., e/o Hatties- 
])urg Creamery, HnttieHburg 


Missouri 


Members : 

Brody, Samuel, Dairy Dept., Univ. of 
Missouri, Columbia 
Davis, Glenn G., Rt. 6, Columbia 
*Dew, George, 3915 Paseo Blvd., Kansas 
City 4 

Garrison, Earl R., Dept, of Dairy 
Husb., Univ. of Missouri, Columbia 
Graham, Dr. W. R., Ceropbyl Labs., Inc., 
P. 0. Box 356, Kansas City 10 
Hall, Warren G., Jackson County 
Health Dept., 313 S. Liberty St,, Inde- 
pendence 


Heinemann, Burdet, 547 Cozy, Spring- 
field 

Henry, Vance, Box 430, Neosho 
Herman, Harry A., Dept, of Dairy 
Husb,, Columbia 

Hunt, Edw. S., 4933 Tracy, Kaiisas City 
Hitnt, Leslie L., Pet Milk Company, 
1401 Arcade Bldg., St. Louis 
Itrchner, E. T., Eekles Hall, Univ. of 
Missouri, Columbia 

■^Johnston, J. B., 1247 W. 72nd Terrace, 
Kansas City 5 

Jordan, H. C., P. 0. Box 1593, S. S. 
Station, Springfield 


* New member. 
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■^Knudsen, Ebwin, 814 E. 8th St., Tren- 
ton 

Kocher, Daniel S., Aines Farm Dairy 
Co., 31st & Gillham Bd., Kansas City 
Latzer, Robert L., 1401 Arcade Bldg'., 
St. Louis 

Leach, Core A., Miller Bldg., 8th & 
Broadway, Columbia 
Lide, B. JVi., Jr., 2001 Chestnut St., St. 
Louis 

Lynch, Arthur D., 511 Locust St., St. 
Louis 

McIntyre, G. W., Hatch Farm, Oakwood 
Plattenburg, H. H., Home Dairy, P. O. 

Box 34, Kansas City 
Powell, E. B., Ralston Purina Co., Ex- 
perimental Farm, St. Louis 
Quigley", J. Y., Chapman Dairy Prod., 
P. O. Box 53, Kansas City 10 
Ragsdale, A. C., Eekles Hall, Univ. of 
Missouri, Columbia 

Regan, M. J., Dairy Dept., Univ. of Mis- 
sourj, Columbia 
Regan, W. J., Boonville 
Reid, Wm. H. E., Dept, of Dairy Hush., 
Univ. of Missouri, Columbia 
Reineke, E. P., Dept, of Dairy Hush., 
Univ. of Missouri, Columbia 
Thompson, J. G., Ralston-Purina Co,, 
' 835 S. 8th St., St. Louis 2 
Turner, Charles W., Dept, of Dairy 
Husb., Univ. of Missouri, Columbia 
Varney, Bruce, Cerophyl Labs., Inc., 
P. 0. Box 356, Kansas City 10 


Wonders, Lt. Glenn D., 0-1546853, Co. 
A, 370 Med. Bn., A.P.O. 461, Ft. 
Leonard Wood 

Suhscri'bers : 

Agricultural Library, Univ. of Alis- 
souri, Columbia 

American Dairies, Inc., P. O. Box 286, 
Att,: G. W. MeLatchey, Kansas City 
DeRaep Corp., 208 Alameda Ed., Kansas 
City 2 

Gilkey, Dr. Harry M., 1624 Profes- 
sional Bldg., Kansas City 6 
Federal Milk Market Admn., St. Louis 
Marketing Area, 4030 Chouteau Ave., 
St. Louis 

Hyer, L. W., 400 S. 14th St., St. Louis 
Lincoln University, Library, Jefferson 
■ City 

Municipal Reference Library, Room 
408, City Hall, St. Louis 3 
St. Louis District Dairy Council, 4030 
Chouteau Ave., St. Louis 
Sturhahn, R. E., St. Louis Labs., 1155 
S. Big Bend Blvd., St. Louis 17 
Vet., Kansas City Q. M. Depot, Kansas 
City 

Wallace, V. M. D '’Arcy Advt. Co., Mis- 
souri-Pacific Bldg., St. Louis 3 

Associate Su’bscrlhers : 

Deluxe Ice Cream Co., 4218 Laclede 
Ave., St. Louis 


Montana 


Mcynhers: 

Brence, John L., Dept, of Dairy Ind., 
Montana State College, Bozeman 
^Campbell, Duce, Box 418, Missoula 
^Harrisberger, VArren, 303 N. 24th St., 
Billings 

Janzen, Harold W., 121 N. Tracy Ave., 
Bozeman 

Kopland, D. V., Huntley Field Station, 
Huntley 

Mitchell, Fergus G., Ayrshire Dairy, 
Great Falls 


Nelson, J, A., Dept, of Dairy Ind., 
Montana State College, Bozeman 
*Roseneau, Fred, 1210 6th Ave., N,, 
Great Falls 

Tretsven, j. O., Dairy Specialist, Mon- 
tana State College, Bozeman 

S uhscrihers : 

Livestock Sanitary" Board, Helena 

Montana State College, Library, Boze- 
man 


Nebraska 


Mcmljers: 

Brunner, Lt. T. F., Seventh Service 
Command Lab., Ft. Omaha 11 
Crowe, L. K., Dairy Dept., Univ. of Ne- 
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Raleigh 

Roberts, W. M., Dept, of Animal Ind., 
N. C. State College, Raleigh 

Eitppner, R. H., Dept, of Animal Ilusb., 
State College Station, Raleigh 


Shaw, A. 0., Supt., Coble Farms, Lex- 
ington 

Thomas, Robert C., State Health Dept., 
Raleigh 

Tufts, Leonard, Pineliurst 
Wilson, J. E., Sycamore Dairy, Fayette- 
yille 

Su1)scrilje7's: 

Agric. & Technical College, Att. : 

Miss Alma L. Morrow, Greensboro 
Coble Dairy Products, Lexington 
Coble Dairy Prod., Inc., Herbert H. 
Cobb, Wilkesboro 

Duke Hospital Library, Durham 
Melville Dairy, Burliiigton 
Producers Coop. Assn., Inc., P. 0. Box 
1009, Winston-Salem 1 
Southern Dairies, Inc., Winston-Salem 
Vet., Charlotte Q.M., Depot, Charlotte 

Associate S uhscribcrs : 

White Ice Cream & Milk Co., E. L. 
White, Wrightsville Beach Highway, 
Wilmington 


North Dakota 

Watt, A. L., Northern Great Plains 
Dairy Sta., Mandan 


Members: 

*Bond, Roger A., Bottineau 
Conner, J. K., e/o Win. M. Conner, Mc- 
Kenzie 

Dice, J. B., Dairy Husb. Dept., N. D. 

Agrie. College, Fargo 
Jensen, G., Dairy Husb. Dei>t., N. D. 

Agrie. College, Fargo 
Murray, D. L., Dairy Dept., N. D. Agric. 
College, Fargo 

Ohio 

Members: 

Ackermann, H. a., 926 Ellison, Cincin- 
nati 26 

Alexander, C. B., Akron Pure Milk Co., 

273 Bowery St., Akron 8 ' 

Almy, E. F.‘ 2632 Tremont Rd., Colum- 
bus 

Armstrong, T. V., 44 E. Franabes Avc., 
Columbus 

Babcock, Wayne, 945 Berden Ave., To- 
ledo 

Hachtel, R. T., c/o Noaker Ice Cream 
Co., 1112 E. Tuscarawas St., Canton 
* New member. 


S iihscribers : 

Kavaney, Vincent, Public Health Lab., 
Box 1020, Bismarck 

North Dakota State College, Library, 
Fargo 

State Laboratories Dept., Lock Drawer 
900, Bismarck 


Baker, Neil R., 239 W. Spring St., 
Columbus 

Baur, L. S., 653 Glenmont Ave., Colum- 
bus 2 

Bell, Henry, 5130 WY‘st Ave., Ashta- 
bula 

Bennett, C. L., c/o Matthews-Frechtling 
Dairy Co., 2363 St. James Ave., Cin- 
cinnati 

Berg, E. K., Novelty 

Blackman, G. L., Ohio State XJniv,, Co- 
lumbus 

Bowers, John, c/o John Rcnz, Wauseon 
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Buchanan, T. B., 108G N. 4th St., Co- 
Imiibus 

Burgwald, L. H., Dept, of Dairy Tech., 
Ohio State TTniv., Columbus 
Burkey, L. C., Creamery I\aekage Mf^. 

Co., 500 Broa<lway, Toledo 
Campbell, D. E., White Alt. Creamery 
Co., 124 W. Wayne St., Dima 
Campbell, F. AI.,' The Andalusia Dairy 
Co., Salem 

Carver, R. J., Aloores & Ross Alilk Co,, 
Columbus 

Charles, Donald A., 3055 E. 63rd St., 
Cleveland 

Christian, C. F,, 48 Southington Ave., 
Worthington 

-WTirysler, L. II., 322 S. Roys Ave., Co- 
lumbus 

Clouse, S. H., 125 N. Fountain Ave., 
Springfield 

Cohp;n, Lt. (j.g.) Ralph I., XJ.S.N.R., 
Naval Air Facdlity Port, Columbus 3 
Corn, Orville, 2107 'Myrtle Ave., N. W., 
Canton 3 

Denlinger, it. E., 558 Spring St., 
Wooster 

Diehl, M. W., R. D. #1, Berea 
Dodd, I). R., 201 Towiishend Hull, Ohio 
State Univ., Columbus 
Drain, H. D., c/o Peoples Dairy Co., 
Inc., Akron 

*Drake, AlAx, Republic 
Dreyicr, Virgil O., 219 E. 5th St., Day- 
toii 

Drusendahl, L. G., 15207 Triskett Rd,, 
Cleveland 

Ebright, James R., 126 Chatham Rd., 
Columbus 2 

Emery, F. H., 1945 E. 97th >St., Cleve- 
land 

Erb, J, ITofpm'AN, 1697 Berkshire Rd., 
Columbus 

Ere, O.sgar, Plumb Hall, Ohio State 
Univ., Columbus 

Piper, Russell, Oldo Dairy Prod, Assu., 
5 E. Long St., Columbus 
Fotek, Milton J., c/c> Williain Alerrell 
Co., Ciueinnati 

Froiiring, W. O., Box 232, Chagrin Falls 
Garrett, 0. F., M R Dietetic Labs., 
Inc,, 585 Cleveland Ave., Columbus 16 
Gebbardt, H. T., Route 5, Al-arvsville 
Gligk, Dudley P., Health Dept., 144 S. 
High St., Akron 8 

Gongwer, Kenneth, 1111. King Rd., 
Ashland 

Green, Robert F., 64 Chestnut St., 
Painesville 

Hamilton, Robert, Cleveland Ice Cream 
Go., 47tli W. & Train, Cleveland 
Haahlton, T. Kline, Diamond Milk 
Prods., Inc,, 315 Graham St., Colum- 
bus 

* New member. 


Hanger, Robert, 361 E. Northwood Ave., 

Columbus 

Haraion, Tom, 160 W, Mound St., Circle- 
ville 

Hayden, C. C., Expt. Station, Wooster 
Heimann, Erwin, 910 ]\1oh.awk St., Co- 
lumbus 

Hibbs, John W., Ohio Agric. Fxpt. Sta,., 
AVooster 

Hill, Robert W., ihardoii 
Holeski, Cakhaiere, Ihmiusula 
ISALA", S. D., 1033) Mahouiug Ave., 

Youngvstown 

Jewell, R. M., 618 E. High St., Alt. 
Vernon 

Johnston, AV. L., AVosterville Creamery, 
Covington 

Kaeser, Harold, 4871 Olentangy Rd., 
Columbus 2 

Kahler, Karl A1., Chillicothe Rd., Cha- 
grin Falls 

Kennedy, Roland N., 165 N. Washing- 
ton Ave., Oolumlms 

Kksselrtng, L. AL, Kesselriiig Dairy, 
1559 Triplett Blvd., Akron (5 
Knoop, C. E., Ohio Agric. Expt. Station, 
Wooster 

Koch, Irving O., Bordens Dairy & Tec 
Cream Co., Goluml)iis 
Krauss, Williaai E., Ohio Agric. Ex]')t. 
Station, W ooster 

Krill, AV. R., Vet. Clinic, Ohio State 
Univ., Columbus 

Kubek, j. W., 3335 E. Alon mouth Rd., 
Cleveland 

Laaib, AValter, Bello (Vmter Crv. & 
Cheese Co., Belle (k>uter 
Larson, R. A., I)e])t. of Dairy Tech., 
Ohio State TJuiv., Columbus 
Leeder, Joseph, Lab., Telling-Belle Ver- 
non Co., 3740 (A'lriiegie Ave., Cleve- 
land 

Lehaian, Lester, 1217 Columbus Ave., 
Sandusky 

Lyatan, j. F., D(‘pt, of Agric,, Clituu- 
istry, Ohio State Ihiiv., Columbus 
A1(’Bride, C. (b, 1999 Klmwood Avtu, 
Columbus 

AIoKellip, Ivan, 549 F. Northlu'oadway, 
Columbus 

AIiller, Roy, R. R. #2, Canton 
AIindling, Jatther F., Frospect 
AlrurEN, Lt. Horace, Jk., 0-516231, 256 
E. Jackson St., Millersbiirg 
AIieer, E. a., TTillerest Dairy, Inc., Cadiz 
AIonroe, C. F., Oliio Agric. Expt. Sta- 
tion, Wooster 

Nadelin, E. P., 331 S])ring St., Wooster 
Neeley, George E., Board of Healtlp 
Steubenville 

NiNOW, George, 2365 17th St., Cuyahoga 
Falls 

Otting, H. E., R. D. #3, Westerville 
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Perkins, A. E., Expt. Station, Wooster 
Peters, Austin S., .3077 Bracken Ed., 
Cineiiinati 

PEEPFER, John C., 1293 Jackson Ave., 
Ijakewood 

Eamsey, E. J.j 21853 Cromwell, Eocky 
EiYer Brandi, Cleveland 
Boss, S. M., c/o M & E Dietetic Labs., 
585 Cleveland Ave., Columbus 
Salisbury, S. M., Dept, of Animal 
Husb., Ohio State Uiiiv., Columbus 
SCHELLENGER, Kern K., 514 Woodbury 
Ave., Columbus 4 

vSCHiLLiNG, E. L., 513 Lynnliaven Drive, 
Toledo 

Shaper, Eeed, Box 138, Celina 
Shapper, Wesley A., 1937 Northwest 
Blvd., Columbus 

Shook, L. C., Moores & Boss, Inc., 165 
N- Washington St., Columbus 
Smith, James T., Box #do87, Cleve- 
land 1 

Smith, Wayne E., 1360 S. Ohio Ave., 
Columbus 6 

Snyder, Victor P., 1-^ Water St., New' 
Bremen 

Sprague, A. L., Jackson Center Cream- 
ery, Jackson CAiiter 

^Steiner, Carey L., 3285 Milton Ave., 
Columbus 

Stiver, Hugh F,, Et. 2, Lewisbnrg 
Stoltz, Philip C., 1971 Concord Ed., 
Columbus 

Stoltz, E. B., Dairy Tech. Dept., Ohio 
State ITniv., Columbus 
Sutermeister, L. a.. The Eed Wing 
Corp., Dayton 

Sutton, T. S., Dept, of Animal Husb., 
Ohio State ITniv., Columbus 
Thomas, Elmer L., e/o Mrs. E. L. 

Thomas, 346 N. Pearl St., Granville 
Titus, E. W., Nestles Alilk Prod., Inc., 
Control Lab., Marysville 
Tucker, Hubert, Worthington 
Van Atta, A. J., 13231 McPherson 
Blvd., Fremont 

Vandemark, Nolan L., Columbus Grove 
*Vroman, H. S., Defiance Alilk Prod. Co., 
Defiance 

Wagner, Wm., Canal Fulton 
Washburn, Capt. E. G., Ohio Expt. Sta- 
tion, Wooster 

IVay, H, O., 308 Western Eeserve Bldg,, 
Cleveland 

Weiser, Harry H., Dejit. of Bacteriol- 
ogy, Ohio State ITniv., Columbus 
*Wettling, G. E., 132 S. 8th St., Upiier 
. Sandusky 

AVickham,' J, C., 4227 W. 36th St., Cleve- 
land 

Wilson, Horace K., 330 E. Point St., 
Washington C. H, 

^WiscHHiTSEN, J. F., 15031 Shore Acres 
Drive, Cleveland 10 


WOEBKENEERG, NORBERT H., 1345 Josepll 
St., Cincinnati 

WooDRUPP, Alfred, Aloore & Boss, N. 

Washington Ave., Columbus 
AVoodyard, AV. O., Cudaliv Packing Co.,, 
AVashington C. H. 

Suhscribers : 

Agric. Control Labs., 87 North 4th St., 
Columbus 

Clark, AV. L., c/o A"aii Camp Alilk Go,, 
Bryan 

Cleveland Public Lirbary, Serials 
Dept., 325 Superior Ave., Cleveland 
Columbus AIilk Council, Inc., 5 E. 
Long St., Columbus 

Conestoga Creaivi & Cheese AIpg. Corp., 
Eureka & Wood Sts., Lima 
Farley, J. AV., Cherry-Burrell Corp., 
1615 E. 25th St., Cleveland 
Finnegan, E. J., 652 Green Lane, East 
Liverpool 

Gem City Ice Cream Co., 1005-11 W. 
Third St., Dayton 

Gracely, Harvey T., 331 E. Churdi St., 
Alar ion 

Great Lakes Industrial Labs., 2140 
Jefferson Ave., Toledo 
G. P. Gundlach & Co., Box 122, Nor- 
W'ood Sta., Cincinnati 
Hayme^s, P. L., 2000 AV. 14tli St., Cleve- 
land 

Independent Golden Glow Dairies, 
Inc., 1309 Logan Ave., Youngstown 
Kroger Food Foundation, 1212 State 
Ave., Cincinnati 4 

Loose-Wiles Biscuit Co., Dairy Divi- 
sion, Grafton 

Merchants Creamery Co., Inc., J. T. 
Stacliw’cll, 528 Livingston St., Cincin- 
nati 14 

Ohio Agric. Expt. Sta., Library, AA^oos- 
ter 

Ohio State University, Library, Oo- 
Ininbus 

Orrville AItlk Condensing Co., Orrville 
Owens-Illinois Glass Co., Ees. Lib., 
1700 N. Westwood Ave., Toledo 1 
Pickerington Creaaiery, Inc., Picker- 
ington 

Procter & Gaaible Go., Tech. Lib., 
Ivory dale 17 

Ees. Labs,, S.AI.A. Corp., Chagrin Falls 
Spellerberg, L. j., Chief Dairy Prod. 
Co., 422 W. Guthrie St., Upper San- 
dusky 

Telling-Belle ATernon Co., Att. : J. 

Pence, 3825 Cedar Ave., Cleveland 
Tussing, L. Benton, Marben Ford 
Farm, E. R. #1, Pickerington 
University^ Hospitals op Cleveland, 
Dept- of Fed., Library, 2103 Adelbert 
Ed., Cleveland 6 

Vet., Columbus Army Service Forces 
Depot, Columbus 


New member. 
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Vet.^ Hdq. Fifth Rervh’e Command, Ft. 
Hayes, Columl)iis 18 

C. Warnook Co., Bucyvus 

A^ssoaiaie S uhfiO'ihers : 

Broughton's Farm Dairy, Inc., Mari- 
ettii 

Ideal AItlk Co., Air. Alplioiise ISivitalsld, 
Portsmouth 

Kopron, John F., Tlillside Dairy, 1418 
Warrensville CAuiter Ed., Cleveland 
Hts. 

Meyer Dairy Prod. Co., 3051 E. 63rd 
St., Cleveland 

Lamont, E. a., Supreme Dairy Co., 115 
E. Alilner St., Alliance 


Yerssen, J. A,, Frencli-Bauer, Inc., 
Plum & Pai'kway, Cincinnati 

Williams, Blair, Fairmont Creamery 
Co., 2310 W. 17tli, (develaml 

Siudent Affllkites: 

Botkin, Wendell, 104 E. Norwiidi, Co- 
lumbus 

Eister, Ealph, 129 E. Eaymoud St., 
Vail Wert 

Greiner, Fred, West Pike, Zanesville 

NASS, Edwin, Dept, of Dairy Tech., 
Ohio State IJiiiv., Coluiuhus 10 

Whip, Glenn, 73 E. Woislieimer Ed., 
Columbus 

White, Vernon, 1521 Pool St., Toledo 5 


Oklahoma 


Members: 

Boehr, John W., Ext. Div., Oklahoma 
A. & M. College, Stillwater 
•^'Cass, Early R., Box 1438, Tulsa 
Cave, H. W., Dept, of Dairy Husb., Okla- 
homa A. i: AI, College, Stillwater 
elOHNSON, PAUL E., Dex)t, of Dairying, 
Oklahoma A. & AI. College, Stillwater 
Krienke, Walter A., Dept, of Dairying, 
Oklahoma A. & AI. College, Stillwater 
Kuhlman, a. J:I., Dairy Dept., Okla- 
homa A. (fe M. College, Stillwater 
Leighton, Eudolph E., Box 546, Wood- 
ivard 

AIoGilliard, P. C., Dairy Dept., Okla- 
homa A. & AI. College, Stillwater 
Olson, H. C., Dept, of Dairying, Okla- 
homa A. & AI. College, Stillwater 


Eobb, Noel N., 405 E. Tecumsch, Tulsa 

Schwarz, Lee B., Carnation Co. of 
Oklahoma, Tulsa 

Swanson, Eric W., 1214-5 Taylor Ave., 
LawTou 

Trzcinski, S. C., 1211 Holly St., Perry 
Subscribers : 

Dairy Control Dept., Oklahoma City 

Oklahoma A. & M. College Agric, Li- 
brary, Stillwater 

Panhandle A. & AI. CIollege Lirbary, 
Goodwell 

Associate Subscribers : 

Carnation Company of Oklahoma, Box 
2549, Tulsa 


Oregon 


Members: 

Anderegg, Tracy, Aleadowland Dairy 
Co., Et. #1, Box 2475, Portland 

Beck, Asher A., 1126 N. AYinsor ^St., 
North Bend 

Brandt, P. AL, Oregon State College, 
Div, of Animal Ind., Corvallis 

Brown, G. A., 1319 S. E. 12tli Ave., 
Portland 

CoLMAN, H. N., Dairy D(‘xit., Oregon 
State College, Corvallis 

Cone, J. Frank, Lincoln Dairy Coop., 
Inc., Waldport 

Ewalt, H. P., 632 N. 29th, Corvallis 

, George, J. S., Tillamook Co. Creamery 
Assn., Tillamook 

Haag, J. B., Agr, Expt. Station, Cor- 
vallis 

Henry, W. W., Dairy Coop. Assn., 1313 
S. E. 12th Ave., Portland 14 

^Hoffman, D. J., Lost Biver Dairy, 
Klamath Falls 

Howell, H. B., Bt. 1, Box 921, J. J. 
Astor Expt. Station, Astoria 
* Ncav member. 


Jones, I. ,E., Dairy Dept., Oregon State 
College, Corvallis 

Keyser, 1 1. C., Dairy ’s Supply Co., Inc., 
.506 S. E, Union Ave., Portland 
'•^AIcKenzh^, Fred F., Animal Husb. Dept,, 
Oregon State College, Corvallis 
AIeadoavs, El]mer j., 302 Corbett, Port- 
land 

AIorse, Boger W., Ext. Dairyman, Ore- 
gon State College, Corvallis 
■^Osborne, Don, P. 0. Box 761, Sheridan 
Baven, Mrs. E. S., c/o Bavon Creamery, 
3300 N. E. Union Ave., Portland 
Stein, Boy W., Eugene Farmers'’ Cry., 
Eugene 

^Vickers, C. N., 7207 N, E. Mason St., 
Portland 13 

Waggoner, Balph W., Box 333, Klamath 
Falls 

Wainess, Lt. Harold, Oregon State Bd. 

of Health, Oregon Bldg., Portland 
Webster, Harry L., Clatskanie 
Wilster, G. H., Oregon State College, 
Corvallis 
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Suh,'^eriheris : 

AKDEiN" PaRiMSj 017 S. E. jMaiii 8t., Port- 
land 

Day, J. L., Arden Farms, 617 S. E. Main 
St., Portland 

PAIRVIEW Farms, 5:200 N. E. Saera- 
niento, Portland 


Library xVssn-. of Portland, 801 S. W. 

lOtli Are., Portland « 

Oregon State College, Library, Cor- 
vallis 

Oregon State Library, State Library 
Bldg., Salem 

State Dept, of xVgric., Biv. of Foods 
& Dairies, Salem 


Pennsylvania 


Meiiihers: 

Anders, Herbert K., Agrie. Ext. Assn., 
Court House, Hollidavsburg 
Austin, Carlton J., Supplee-Wills-Jones 
Milk Co., 15 S. 34tli St., Pliiladelpliia 
Barnhart, John L., 820 Delvalb St., 
Norristown 

Beam, A. Leland, State College 
Bechdel, S. I., Pennsylvania State Col- 
lege, State College 

Biegeman, Bobert a., 6721 Crittenden 
St., Philadelphia 19 

Borland, A. A., Dairy Husb. Dept., 
Pennsylvania State College, State Col- 
lege 

Bracke, George M., Bieck-MeJunkin 
Dairy Co., 1345 Forbes St., Pittsburgh 
Bresette, G. E., Mantoii-Gaulin Co., 
2800 Darby Ed., Newtown Square 
Brock, O. 0*arlyle, 519-29 E. 18th St., 
Erie 

Brunner, Lt. (j.g.) Bobert, 137 Seventh 
Ave., Royersford 

Bryan, Paul S., Star Boute, Perkasie 
Christman, Earl K., 535 N. 11th St., 
Beading 

Clarice, Marshall B., 5 Wilmont Ave.^ 
Washington 

COHEE, C. I., Philadelphia Inter-State 
Dairy Council, 20th & Bace Sts., Phila- 
delphia 

^Coleman, W. B., 6635 McCallum St., 
Philadelphia 19 

Dahle, Chester D., Dairy Dept., Penn- 
sylvania State College, State College 
DeTuriv, Lt. Lester* E., 16 Marshall 
Ave., Stony Creek Mills, Beading 
Deubler, E. C., Bucks County, Newtown 
Doan, F, J., Dairy Dept., Pennsylvania 
State College, State College 
Butcher, B. Adams, 254 E. Hamilton 
Ave., State College 

Featro, j. G., 8 E. Pell St., Summit 
Hills 

Fitzgerald, John B., 429 N. Alain Ave., 
Scranton 

Folkers, E. C., #2 Mellon Terrace, 
Pittsburgh 

Gearhart, C. B., Pennsylvania State 
College, State College 
Geyer, Frank E., Laverock Bd. & Pleas- 
ant Ave., Glenside 

Godshall, William V., Tuscarora Val- 
ley High School, Port Eoyal 
* New member. 


Gosser, Harold, 409 Warrington Ave., 
Pittsburgh 

Greenleaf, Frederick M., 1724 Con- 
gress St., Allentown 

Grow, Walter, J\lgr., Fluid Milk Plant, 
265 Beech St., Pottstown 
Guerrant, N. B., Pennsylvania State 
College, State College 
Hamor, William A., Mellon Inst., 4400 
Fifth Ave., Pittsburgh 
Heberlig, G’ Wayne, 575 N. Plum St., 
Lancaster 

Hidinger, Orvis, 204 Times Bldg., Penn. 

Ave. & Spruce St., Scranton 
Horn, David W., Box 666, Bryn Mawi* 
Jaggard, George, 2300 Locust St., Phila- 
delphia 

Jones, P. D., Dairy Dej)t., Pennsylvania 
State College, State Allege 
JOSEPHSON, D. V., 724 W. Nittany Ave., 
State College 

Juzi, William H., 3496 N. 3rd St., 
Harrisburg 

^Keen, Bobert H., (Jueen Dairy Co., 
Inc., 413-19 S. Queen St., Lancaster 
Kelly, Thomas, 110 Lhmda:ff Bd., 
Llanereh 

Keyes, Everett A., Dept, of Dairy 
Husb., Pennsylvania State College, 
State College 

Kilgore, James, B. D. #1, Northampton 
*King, Clifton J., Box 25, Dayton, Arm- 
strong Co. 

Lang, Julius P., 304 E. Meehan Ave., 
Alt. Airy, Philadelphia 19 
Laughlin, John, Alenzie Dairy Co., 1909 
Biver St., AIcKeesport 
Law^horn, Bobert K., 397 E. IJpsal St., 
Philadelphia 19 

AIcFarland, Lt. Gardner G., 0-558812, 
59th O.T.B,, Carlisle Bks., Carlisle 
McGrail, Gerald, 27 Ellengowan St., 
Shenandoah 

Melick, LaBue T., 730 Bellaire Ave., 
South Hills Branch, Pittsburgh 26 
Miller, Giles P., B. D. ^5^3, Norristown 
Nageotte, Joe, Dairy Ext., Pennsyl- 
vania State College, State College 
Olmstead, B. H., Dairy Bldg., Peimsyl- 
vania State College, State College 
Otto, B. Frank, Otto Suburban Dairy, 
Inc,, Box 4198, Bellevue, Pittsburgh 
"^Parkhurst, Baymond T., Flory Milling 
Co., Bangor 
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PARKIN', Ivan E., Room 213, Dairy Ex- 
tension, Stijite College 
Pratt, Harold T., Pliiladelpliia Dairy 
Prod. Co., 4tli & Poplar Sts,, Pliila- 
delplria 

Eabild, IIelmer, Titusville Dairy Prod. 
Co., Titusville 

Richards, John K., Meadow Gold 
Dairies, lue., 126 Denniston Avo., 
Pittsburgh 

■^Rohlf, John A., Farm Journal, Inc., 
Washington Square, Philadelphia 5 
Roland, Charles T., Calgon, Inc., P. O. 

Box 1346, Pittsburgh 
Ross, Richard H., 249 Pugh St., State 
College 

Sampey, J. J., Abbotts Dairies, Inc., 
238 Lombard St., Philadelphia 
Schwartz, Charles, 6601 Landview St., 
Pittsburgh 17 

Sidelman, I. O,, 213 Dairy Bldg., State 
College 

Spur, Bernhard, 4317 Spruce St., Phila- 
delphia 

Swope, W. D., Pennsylvania State Col- 
lege, State College 

Thompson, Howard L., 1018 Avacoll 
Avo., Greentree, Pittsburgh 
Urbach, Charles, ChildreiUs Hospital, 
18th & Bainbridge Sts., Philadelphia 
46 

Waltz, R. G., Post Office Bldg., Norris- 
town 

Welch, R. C,, c/o Wilbur-Suchard 
Chocolate Co., Lititz 

Welch, R. R., Div. of Agr. Ext., Penn- 
sylvania State College, State College 
Wilson, IT. Kenneth,' Sylvan Seal Milk, 
Inc., 612 S. 24th, Philadelphia 
Woolman, Henry N., Jr., Bonticu Farm, 
Paoli 

Zimmerman, Joseph A., Lehighton 
B ubseribers : 

Board of Health, Township of Lower 
Morion, Montgomery Co., Ardmore 
Bucknell University, Carnegie Li- 
brary, Lewisburg 

Eaton, Mrs. A. K., Abbotts Dairies, 
Inc., 3041-43 Chestnut St., Phila- 
delphia 

Food Inspection Division, City Hall, 
Reading 

Free Library of Philadelphia, Peri- 
odical Dept., Middle City St a., Phila- 
delphia 

H. J. Heinz Co., 1062 Progress St., N. S., 
Pittsburgh 


Lewisburg Penitentiary, Att. : Lilira- 
rian, Lewisburg 

Medical Supply Officer, 36-004, Medi- 
cal Field Service School, Carlisle Bar- 
racks 

Pennsylvania State CoTiiaocE, Agric. 

Library, State College 
Pennsylvania State Corj.EGE, Animal 
Nutrition Reading Room, State Colk'ge 
Pittsburgh District' Dairy Council, 
451 Century Bldg., Pittsburgh 22 
Philadelphia Coll, of Pharmacy & 
Science, 43rd St. at Woodland & 
Ivingsessing Aves., Philadclxihia, 
Rosedale Dairy Co., Inc., Now Berlin 
Shearer, Paul B. & Co., 1226 Leopard 
St., Philadelphia 

Sterling Milk, Inc., 3330 Ihaicdi St., 
Erie 

Univ. op Pennsylvania, Tnbrary, Phila- 
delphia 4 

Vet., Medical Field Service School, 
Carlisle Barracks 

Vet., New Cumberland Army Service 
Forces Depot, New Cumberland • 
Webster, Walter, Breyer Ice Cream Cb., 
43rd St. below Woodland Ave., Phila- 
delphia 

Wyndmoor Sub-Branch, U. S. D. A. 
Library, Eastern Regional Res. Lab., 
Chestnut Hills Sta., Philadeli)hia 

Associate Subscribers : 

Clover Farms Dairy Co., Inc., R. I). 
#2, Reading 

Galliker, Louis, Gallikcr Ice Cream Co., 
453 Franklin St., Johnstown 
Laudenslager, G. M. T., Philadelphia 
Dairy Prod. Co., Inc., 45th & ParriKsh 
Sts., Philadelphia 

Moyer, V. C., Supplee-Wills-Jones Milk 
Co., 1523 N. 26th St., Phihtdeljdda 
Pettibon Dairy Co., 387 Cfumecticut 
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American Dairy Science Association, 
announcements, 165, 242 
annual meeting proceedings, 701 
Borden award xiresentation, 726 
officers and committees, 73 
.president's address, 701 
program, 39th annual meeting, 397 
tentative program, 319 
Ankylosis, congenital, 655 
Antioxidants, 

use in dry milk, 609 
wheat germ oil, 311 
Artificial insemination, 
bacteriology of semen, 357 
conception rate in, 659 
correlation between semen character and 
conception rate, 297 
dilution rate of semen for, 658 
seasonal variations in semen quality, 303 
shipping semen, 143, 662 
storage of semen, 657, 658 
quality of semen for, 661 

Babcock centrifuge, 

speed of, 857 


Bacteria, 

Aerobacter species in whey cream, 668 
effect on diaeetyl, 677 
effect of various gases on, 665 
heat treated, 
survival of, 663 
laetis and bulgaricus, 

to prevent gas formation, 679 
Pseudomonas piitrefaciens, 39 
Bacterial counts, 

changes in stored ice cream mix, 459 
effect of mastitis on, 665 
standard plate, 

relation to resazurin test, 664 
Barn curing of hay, 624, 654 
Beet pulp, 
amnioniated, 225 
Bloat in cattle, 779 

Breeding, artificial {see Artificial insemina- 
tion) 

Breeding dairy cattle, 591, 592, 593, 655, 
. 835, 903, 921, 937, 981 
Bulls, dairy, 

carotene requirements of, 632 
effect of ehloretone feeding on, 657 
proving, 655 

standard of evaluation, 835 
Bull index, 921, 937 
Butter, 
cultures, 

action in butter, 79 
effect on butter quality, 676 
diaeetyl, 677 

fatty acid determination, 678 

fishy flavor of, 45 

medicinal flavor of, 668 

mold determination in, 369 

mold mycelia counts as quality index, 667 

quality, 

effect of flavor on, 676 
effect of storage temperature on, 678 
Butterfat, 

dehydrated, 807 
vitamin A in, 57, 63 
,Buttermakiiig, 

distribution of mold fragments, 563 
Buttermilk, * 

detecting neutralization of, 671 
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powdered, 

use of ill ice cream, 419 
Biitteroil, 

methods of iiianufaeture, 807 
qualitr, 807 

Calf, dairy, 
blood studies, 645 
carotene conversion in, 651 
eod liver oil feeding, 331 
feeding, 867 

protein requirements of, 650 
Carbohydrate metabolism, 
of mammary gland, 637 
Carotene, 

content of milk, 

etfect of grazing on, 189 
losses in plant tissues, 585, 631 
oxidation in milk fat, 249 
Casein, 
iodinated, 

effect on production, 385, 545 
Catalase, 

relation to curd tension, 337 
Cheat, 

feeding value of, 627 
Cheese, 
blue, 

red mold in, 413 
Cheddar, 

extraneous matter in, 670, 881 
beat treatment of milk for, 681 
lipase action in, 679 
effect of silage on quality of, 681 
gas prevention in, 679 
Swiss, 

improving quality of, 483 
volatile acidity, 672 
Chloretone, 
effect on bulls, 657 
Chloride, 

content of milk, 

effect of mac'hine milking on, 215 
relation to curd tension, 337 
Chlorine, 

resistance of Ps, putrefaciens, 39 
Chylomicron count, 645 
Citric acid, 

content of milk solids, 773 
determination of, 377 


Citrus molasses, 

feeding value of, 269 
Cocoa powders, 

tannic substances in, 897 
Cod liver oil, 

effect in rations of calves, 331 
effect of method of feeding, 640 
Colostrum, 

effect on vitamins in calf blood, 867 
use of to replace milk in calf feeding, 652 
Committee reports, 691 
Condensed milk, 

fat determination, 53 
sweetening agents as preservative, 687 
Cottonseed meal, 

effect of feeding on properties of milk, 
275, 281, 287, 293 
Cows, dairy, 

availability of carotene for, 63 
body size and milk yield, 591, 592, 593 
effect of pituitary preparations on, 539 
feeding experiments, 
design for, 159 
production, 

effect of pitocin on, 449 
effect of shark liver oil on, 155 
effect of thyroidectomy on, 441 
of rancid milk, 683 
symptoms of scurvy in, 636 
vitamin A requirements of, 57, 631 
vitamin E in the nutrition of, 634 
Cream, 

accuracy of Mojonnier fat test of, 147 

rising in milk, 321 

sour, 

extraneous matter in, 669 
Cultures, 
butter, 

action of in butter, 79 
influence on, 676 
Curd tension, 

relation of chlorides and catalase to, 337 

DaIBY herd improvement associations, 
617, 618 

evaluation of sires in, 835 
Dairying, 

Latin American, 610, 612 
post war, 

collection and delivery, 603 
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demand for cattle, 597 
expansion, 595 
problems, 594 
surpluses, 600 
Beaeration of milk, G82 
Biaeetj], 

effect of bacteria on, 677 
Bietliylstilbestrol, 957 
Bisease, 
bloat, 779 

congenital muscular contracture and an- 
kylosis, 655 ^ 

ketosis, 635 
mastitis, 609, 656 
white scours, 965 
Bry milk, 

future of, 608 
keeping cpiality, 686 
oxygen content, 685 
packaging, 608, 685, 686 
peroxide value of, 675 
present developments, 605 
specifications for, 606 
use of antioxidants in, 607 

Equipment, 

dairy, 

washing methods, 626 
Evaporated milk, 
behavior of ascorbic acid in, 686 
fat determination, 53 
iron content, 

relation to coffee discoloration, ’ 689 
sterilization of, 909, 913 
viscosity, 345 

Fat, 

acidity, 

relation to rancidity, 167 
cheese, 

lipase action on, 679 
estimation of, 33, 53, 67 
globule membrane, 471, 673 
metabolism of mammary gland, 639 
oxidation of vitamin A and carotene in, 
249 
test, 

Mojonnier, accuracy of, 143 
value of in alfalfa hay rations, 635 
Fatty acid, 

determination in butter, 678 


Feeding, 

cod liver oil, 331, 640 
shark liver oil, 155 
standard, 630 

wheat germ oil to bulls, 551 
Feeding experiments, 
design for, 159 
Feeds, 

alfalfa hay, 821 

ammoniated sugar beet pulp, 225 
cheat, 

value of, 627 
citrus molasses, 269 
cottonseed meal, 275, 281, 287, 293 
kelp meal, 861 

Korean lespedeza, hay and seed, 263, 626 
silage, 629 
Fermentation, 

to prevent gas formation in cheese, 679 
Fishiness, 
of butter, 45 
Flavor, 
oxidized, 

action of inhibitors, 205 
development of, 197 
Foaming of milk, 1, 19 
Forage harvester, 
experience with, 653 
Pour H clubs, 
wartime programs, 623 
Frozen foods, 
milk, 683 



effect on bacterial growth, 665 
Glycogen, 

content of dam and fetal livers, 953 
Goats, dairy, 

live weight and milk energy yield, 243 
Grain feeding, 

limited vs. all roughage, 630 
Grazing, 

continuous and rotational systems, 189 

Hay, 

alfalfa, 821 

barn curing of, 624, 654 
Korean lespedeza, 
nutritive value of, 626 
peanut, 

for dairy cows, 646 
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Heat treatment, 

effect on bacterial snryh-al, 663 
Heifers, gains on pasture, 1011 
Homogenized milk, 
lipolysis in, 173 
rancidity, 167 
Hormones, 

lactation stimulating, 640 
pitoein, 449 
pituitary, 539 

Ice cream, 

bacteriological eyaliiation, 993 
mix, 

effect of storage on bacterial counts of, 
459 

use of skim milk in, 684 
use of buttermilk powder in, 419 
Invert sugars, 674 
lodinated casein, 
response of cows to, 641 
utilization by ruminants, 642 
Iron, 

content of evaporated milk, 689 
Journal of Dairy Science Circulation list, 
1023 

Kelp meal, 

feeding value of, 861 
Ketosis, 

studies in cattle, 635 

Lactation, 

effect of tliyroideetomy on, 441 
initiation and maintenance of, 640 
Lactic acid, 

correlation with quality tests, 671 
in dairy products, 
method of determination, 743 
relation to quality measurements, 753 
Lactose, 505 
Lespedeza, 

Korean, 

digestibility of hay and seed, 263 
Leucocyte, 
content of milk, 

effect of machine milking on, 215 
Lipase, 

action on cheese fat, 679 
determination of, 675 


Lipolysis, 

fatty acids involved in, 173 
Liver, 

glycogen content, 953 

Machine miiHug, 

effect on chlorides and leucocytes, 215 
effect on udder injury, 433 ^ 

Alammary gland, 

carbohydrate metabolism, 637 
effect of machine milking on, 433 
fat metabolism of, 639 
iiitramammary temperatures, 181 
permeability to thyroid hormone, 793 
Marketing milk, 
wartime gains, 689 
Mastitis, 

effect on plate count, 665 
from dairyman viewpoint, 609 
ill two cow families, 656 
treatment methods, 609 
Alature equivalents, calculation, 903 
Mechanical milker, 
action of, 433 
Medicinal flavor in butter, 
cause of, 668 
Alembrane, 
fat globule, 

structure and properties of, 471 
Milk, 

clarification for cheese making, 483 

condensed, 53, 687 

cream rising in, 321 

deaeration of, 682 

dried, 605, 606, 607, 608, 675, 684 

evaporated, 53, 345, 680, 909, 913 

fat globule membrane of, 471, 673 

foaming of, 1, 19 

frozen, 683 

grading, 671 

homogenized, 167, 173 

lipase, 

determination of, 675 
marketing, 689 
jiroduetion, 

effect of iodinated casein on, 385 
feeding standard for, 620 
relation to live weight, 243, 591, 592, 
593 

proteins, 1 
quality test, 671 
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skimmed; 
foaming of, 19 

surface-active constituents, 1, 19 
testing, 

centrifuge speed, 857 
vitamin D content, 849 
a breed comparison, 733 
zinc content, 257 
Milk sanitaxian, 

training and employment of, 691 
Milking, 

effect of pitocin on, 449 

prepartum, 638 

rate, 

effect of negative pressures on, 636 
trauma, 646 
Milkstone, 

prevention of, 499 
Mojonnier fat test, 
accuracy of, 147 
sampling metliods for, 33 
temperature errors in weighing, 67 
Molasses, 

effect on urea utilization, 571 
Mold, 

determination of fragment length in but- 
ter, 369 

distribution of fragments in butter, but- 
termilk and whey, 563 
mycelia counts, 

as index of butter quality, 667 
red in blue cheese, 413 

N EUTEALIZATION, 

detecting in buttermilk, 671 

OoSPOBA lactiSf 
farm sources of, 666 
Oxidized flavor, 

development in milk, 197 
inhibitors, 

mode of action, 205 

Paettieition, 

effect on blood carotene, 633 
Pasture, 

gains of heifers on, 1011 
permanent, 

effect of grazing system on, 1 89 


Peanut hay, 

roughage for dairy cows, 646 
Peppergrass silage, 365 
Peroxide value, 

of spray dried whole milk powder, 675 
Physiology, 

milk secretion, 449, 640, 641, 644, 957 
thyroid, 643 
Pitocin, 

effect on milk lipase, 644 
effect on production, 449 
Pituitary, 

effect on lactating cows, 539 
Post-war dairying, 

collection and delivery, 603 
demand for cattle, 597 
expansion, 595 
problems, 594 
surpluses, 600 
Powders, washing, 
properties of, 669 
Pregnancy, 

effect on body weight, 661 
Preheating, 

effect on milkstone formation, 499 
Prepartum milking, 638 
Production, 

effect of completeness of milking on, 449 
effect of shark liver oil feeding on, 155 
effect of thyroprotein on, 385, 545 
estimating records of, 463 
Protein, 

requirement of calves, 650 
urea as substitute for, 571, 647 
Pseudomonas puirefaciens 
chlorine resistance of, 39 

Rancid milk, 

individuality of cow in production of, 683 
Records, 
production, 

method of estimating, 463 
Resazurin test, 

relation to plate count, 664 
Review articles, 

action of butter cultures in butter, 79 
lactose and its utilization, 505 
Rumen, 

B complex synthesis in, 579 
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Sampling, 

milkj 

for fat test, 33 
Scurvy, 

symxDtoms of in cattle, 636 
Sediment test, 

for Cheddar cheese, 670 
for sour cream, 669 
Semen, 

bacteriology of, 357 

characteristics and conception rate, 297 

quality, 

measurement, 769 
seasonal variations in, 303 
tests for, 661 

shipping long distances, 143, 662 
storage, 657, 658 
studies, 658 
Shark liver oil, 

effect of feeding on produetion, 155 
Silage, 

effect on milk, 629 
fermentation losses, 628 
making, 653 
peppergrass, 365 
use of urea in making, 648, 649 
Skim milk, 
foaming of, 19 
use in ice cream mix, 684 
Sterilizing evaporated milk, 909, 913 
Storage, 

effect on B vitamins, 875 
Sucrose, 

inversion of, 674 
Sugar beet pulp, 

ammoniated, as a feed, 225 
Sulfa drugs, 

effect on blood vitamin A and G, 652 
use in calf scours, 965 
Sulfur compounds as disinfectants, 1007 
Sweetening agents, 
for condensed milk, 687 

T^ANNIC substances in cocoa, 897 
Teat, 

morphology of, 646 
Temperatures, 
intramammary, 181 
storage, 

effect on quality of butter, 678 


Testing cheese, 

for extraneous matter, 881 
Testing dairy cows, 

D.HXA., 617, 618, 619, 620, 621 
Testing milk, 

centrifuge speed, 857 
Testis histology, 769 
Thiourea, 

use in thyroid studies, 643 
Thomas Jefferson in agriculture, 613 
Thyroidectomy, 

effect on lactation, 441 
Thyroid hormone 

non-permeability of mammary gland to, 
793 

Thyroprotein, 

effect of feeding, 385, 545 
utilization by ruminants, 643 
Tropical America dairying, 610 

Urea, 

in corn silage, 648, 649 

in sorghum silage, 649 

use in commercial dairy feeds, 647, 1015 

utilization by dairy heifers, 571 

V ISCOSITT, 

of evaporated milk, 345 
Vitamin, 

A, 

blood studies on, 867 
content of cheese, 681 
content of colostrum, 867 
effect of sulfa drugs on, 652 
oxidation in milk fat, 249 
requirement of cows, 57, 63, 631 
studies, 769 
ascorbic acid, 
content of milk, 849 
effect of feeding iodinated casein on, 
385 

effect of sulfa drugs oh, 652 
B complex, 

content of milk, 849 
effect of storage on, 875 
rumen synthesis of, 579 
carotene, 
blood, 

effect of parturition on, 633 
conversion in young calves, 651 
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losses ill freshly cut plant tissues, 585, 
631 

requirements of dairy bulls, 632 

I), 

assay technique, 733 
ill milk, 

a breed comparison, 733 

in dairy cattle nutrition, 634 
nicotinic acid, 

content of milk, 849 
pantothenic acid, 
content of milk, 849 
riboflavin, 

content of milk, 849 


thiamin, 

content of milk, 849 

W ASHING powders, 
properties of, 669 
Wheat germ oil, 

as antioxidant in dairy products, 311 
effect of feeding to bulls, 551 
Whey, 

foaming action of, 19 
White scours, 
control of, 965 

Zinc, 

content of cow ’s milk, 257 
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ABSTRACTS OF LITERATURE 

BOOK REVIEW 


1. Food Enough. John D. Black. The Jaqiies Cattell Press, Lancaster, 

Pa. 1943, $2.50. 

In addition to including basic facts on the need for food and food nutri- 
ents, this book analyzes the world’s food supplies and the nutritional status 
of various peoples, |)oiuts out the problems of war time feeding, considers 
production of food on the basis of most effective utilization of natural re- 
sources, suggests policies that would best cope with the present food and feed 
crisis, and recommends a course of marketing procedure designed to over- 
come much of the difficulties arising between the points of production and 
ultimate consumption. 

Included also are excellent discussions of the need for and mechanics of 
rationing, shifts in dietary patterns, industrial feeding, and the world- wide 
significance of the United Nations Conference on Food and Agriculture. 

The author is Henry Lee Professor of Econoinics at Harvard University, 
a member of the Economic Panel of the Interim Commission of the United 
Nations Food Conference, and a member of the Food and Nutrition Board 
of the National Eesearch Council. 

The importance of food and the relationships between food supplies and 
the course of world events now and in the future make this volume of great 
timeliness. Written by an economist with much practical experience and 
with many associations that place him in a position to know the facts, and 
ivritten in a style that is easily read by anyone, Pood Enough should be on 
the ‘^inust” list for all. Agriculture in general and dairying in particular 
are given encouraging places in future world economy. W.E.Krauss. 

BACTEEIOLOGT 

2. Bacteriophages for Streptococcus cremoiis Phage Development at 

Various Temperatures. G. J. E. Hxjnter, Dairy Kes. Inst., Pal- 
merston North, New Zealand. Jour. Dairy Res., 13 y No. 2: 136- 
145. 1943. 

The effect of temperature on the growth in milk of several strains of 
Streptococcus cremoris and their appropriate phages was investigated. 
Acid formation and rate of phage multiplication were followed in 100-ml. 
quantities of autoclaved skimmilk seeded with 1% of an 18-20-h6ur clotted- 
milk culture and varying amounts of phage added. At intervals 2 ml. were 
withdrawn for acidity titration and 1 ml. was used for dilution in the plate 
test for phage multiplication. 

Al 
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111 general, the streptococci grew more rapidly at 30° C. (86° P.) than 
at 22° C. (71.6° P.) hut were inhibited to a greater or less degree at 37° C. 
(98.6° P.). The phage races for the most part developed somewhat more 
readily at 30° C. (86.0° F.) than at 22° C. (71.6° P.). Some developed just 
as readily at 37° C. (98.6° P.) as at 30° C. (86° P.) but others were com- 
pletely inhibited at 37° C. (98.6° P.). 

These results suggest that the phage races as they exist are separate and 
distinct entities whose growth conditions are similar to, but not necessarily 
identical with, those of the bacteria upon wiiieh they develop. S.T.C. 

3. Distribution of Flavobacterium maloloris. E. M. Eeynolds and H. E. 

Thornton, TJniv. of Alberta, Canada. Sci. Agr., 24^ No. 1: 21. 

1943. 

Workers in this laboratory had previously found F. maloloris to be an 
infrequent cause for surface taint in butter. In this study 589 isolations 
of yellow bacteria from 140 samples of Alberta wmter w^ere examined and 
only twm proved to be F. maloloris. O.R.I. 


4. The Occurrence of Slow-Reducing Coliform Organisms in Milk. C. S. 

Morris, Seale Hayne Agr. Col., Newion Abbott, Devon, England. 

Jour. Dairy Res., 13, No. 2 : 115-118. 1943. 

Milk samples w-ere found frequently to contain coliform organisms which 
give very slow reduction of methylene blue at 37° C. (98.6° P.). Evidence 
was secured which indicates that this slow reduction is due to two factors 
present in raw milk, both of which are destroyed by heating milk to 70° C. 
(158° P.) for one hour. These factors are (a) a specific bactericidal sub- 
stance and (b) a growth-inhibiting factor. 

All of the cultures examined appeared from differential tests to be inter- 
mediate types of coliform organisms. All were citrate negative and failed to 
produce acid or gas when grown in MaeConkey’s broth at 44° C. (111.2° P.). 

S.T.C. 


BUTTER 

5. Chum Washing Procedure. S. T. Coulter, Univ. of Minn., St. Paul, 
Minn. Amer. Butter Rev., 5, No. 2 : 120-122. 1943. 

Dry rot of staves of the churn barrel is caused by fungi which could be 
destroyed by heat if it were possible to sufficiently heat all parts, around 
bolts, crevices, and corners. Cypress is less susceptible to dry rot than 
Douglas fir. The treatment of churns "with hot water apparently neither 
weakens the wood nor favors dry rot. The most satisfactory procedure of 
washing the churn appears to be, first, a rinse with water at 120-140° P, to 
remove the bulk of the fat; second, running .the churn for 15 minutes half 
full of water at 180° P. containing a mild alkaline washing powder; and, 
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third, running the churn for 15 minutes half full of water at 200° F., drain- 
ing thoroughly, and allowing to dry with the doors open. Reduction in the 
temperature of the water does not accomplish the purpose or prolong the 
life of the churn. P.S-L. 

6. Water Supply Difficulties. S. T. CouiiTEK, Univ. of Minn., St. Paul, 

Minn. Amer. Butter Rev., 5 ^ No. 2 : 46-48. 1943. 

Where raw water used as wash water for butter causes off flaTors due to 
bacterial contamination and chlorinated water does the same due to its 
chemical content, the ideal procedure is to dechlorinate the water before use. 
The ultra violet ray water sterilizer is of little value for this purpose. The 
use of small amounts of chlorine causes more off flavor due to chlorophenol 
and similar compounds than does large amounts of chlorine. Many cream- 
eries successfully use wash water containing 25 p.p.m. of chlorine. The 
writer describes a method for construction of a dechlorinating filter. 

P.S.L. 

7. Court Cases Involving Butter. Leo T. Parker, Attorney at Law, Cin- 

cinnati, 0. Amer. Butter Rev., 5, No. 1 : 8, 10, 12. 1943. 

The author lists several legal interpretations, decisions, and rulings con- 
cerning butter; the validity of state laws; public policy, monopoly, trade 
mark, and ceiling price laws ; and validity of contracts. Each is illustrated 
with recent court decisions. P.S.L. 

8. Moisture Loss in Prints — Combatting Leaky Bodied Butter. S. T. 

Coulter, Univ. of Minn., St. Panl, Minn. Amer. Butter Rev., 5, 
No. 3: 86. 1943. 

Due to reduced water retaining powers winter butter moisture standards 
should be reduced if leakiness is to be prevented. Such procedure as reduces 
size of the water droplets helps in reduction of leakiness. These include 
working the butter while firm, use of 40° F. wash water, filling the churn 
no more than 40% full, prevention of stickiness of the churn, and adding 
all water of standardization at the time of adding the salt. P.S.L. 

CHEESE 

9. Bacteria, Environment and Cheese. E. G. Hastings, Univ. of Wis., 

Madison. Natl. Butter and Cheese Jour., 34 , No. 10: 14. Oct., 
1943. 

Its environment determines the fate of every living thing — although man 
cannot alwmys recognize how it does so. The eheesemaker seeks to establish 
in milk, curd and cheese a desired bacterial pattern by controlling tempera- 
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ture, acidity, moisture and salt. His sensitiTity to tlie milk is most impor- 
tant ill tile making of iiniforni cheese. The uniformity expected by many 
is unattainable but can be best achieved by the use of milk from the same 
farms daily, to the bacterial pattern of which the maker has adapted himself. 
A change of milk or maker can be expected to change quality. Pasteuriza-^ 
tion of milk simplifies the bacterial iiattern and though it slows flavor de- 
velopment it may be possible to find ripening agents to remedy this effect. 
If normal, three or four months old pasteurized-milk cheese is ground and 
stirred thoroughly, then flavor development approximates that in raw-milk 
cheese. The few essential, flavor-producing bacteria which survive pas- 
teurization are scattered by this mixing, so that they reach the food they 
need and quickly produce flavoring substances. Ground cheese can also be 
blended for uniformity and reformed and packaged if provision is made for 
the venting of CO 2 formed by the continued action of ri])ening agents. 
Oecasionallly pasteurized-inilk cheese cures normally without CO 2 develop- 
ment which suggests new ripening possibilities if it were understood. Too 
little attention has been given to producing the smooth, waxy body desired 
by most consumers ; too much attention has been given to eye formation in 
Swiss. “Eyes in a woman or a Swiss cheese are something to consider but 
not to control one’s judgment as to desirability.” W.V.P. 

10. The Effect of Over-Ripening upon the Activity of Cheddar Cheese 

Starters. C. K. Johns and H. L. Berard, Div. of Bact. and Dairy 

Res., Sci. Serv., Dept. Agr., Ottawa, Canada. Jour. Dairy Res.,. 

A5, No. 2:127-135. 1943. 

In a study involving three starters, over-ripening brought about by 
increasing the amount of inoculum, by lengthening the period of incubation, 
or by increasing the temperature of incubation, failed to slow down the rate 
of bacterial growth, or acid development, or to lower the final acidity 
reached. Starters repeatedly over-ripened, over a period of 30 days were 
considered superior in flavor to those normally ripened. 

In practical cheeseniaking an over-ripened portion of a starter worked 
slightly faster in the vat and produced cheese with a higher flavor score than 
the control. S.T.C. 

11. The Influence of Abnormal (“Non-Acid”) Milk on Cheese Starter 

Cultures. G. J. E. Hunter and H. R. Whitehead, Dairy Res. 

Inst., Palmerston North, New Zealand, Jour. Dairy Res., 13, No. 
2:123-126. 1943. 

“Non-acid” milk is described as a colloquial term coined by cheesemakers 
in New Zealand to designate milk which hinders the development of acid by 
a normally active starter culture in the cheese vat. Stock cultures of “non- 
acid” organisms were grown at 30° C, (86° F.) in sterilized skimmilk for 
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24 lioiirs. The acidity rise was 0.03-0.06 per cent expressed as lactic acid. 
This non-acid^’ skimmilk was mixed in varying proportions with normal 
fresh milk and the resulting mixture used for starter propagation. De- 
layed coagulation simulating a starter failure caused hy bacteriophage was 
demonstrated. Some strains of starter cultures were considerably less 
inhibited than others. S.T.C. 

12. Further Studies on Bacteriophage in Relation to Cheddar Cheese- 

making. C. K. Johns, Div. of Bact. and Dairy Res., Sci. Serv., 
Dept. Agr., Ottawa, Canada. Jour, Dairy Res., 13 ^ No. 2 : 119-122. 
1943. 

Trouble with slow working' vats in two factories which had continued 
over a period of six weeks was shown to be due to lysis of the dominant 
strains of the mixed culture of starter organisms b^^ phage. Normal acid 
development was secured by substitution of a starter of entirely different 
bacterial strains. 

A second outbreak of phage infection with complete cessation of acid 
production in experimental vats is described. The starter itself appeared 
to be entirely free from phage and the equipment had been drastically steril- 
ized following a previous outbreak. The original source of the phage was 
not definitely demonstrated although occasional positive indications were 
obtained from the milk supply itself. S.T.C. 

13. The Production of Rennet from Living Calves. N. J. Berridge, J. G. 

Davis, P. M. Kon, S. K. Kon, and F. R. Spratling, Natl. Inst, for 
Res. in Dairying, Univ. of Reading, England. Jour. Dairy Res., 
13 , No. 2 : 145-161. 1943. 

Abomasal juice containing rennin was obtained from living calves by 
means of an abomasal fistula. The operation for fistula was performed on 
two calves at 14 days of age. The animals received, during the three months 
for which the experiment lasted, an exclusive diet of whole milk supple- 
mented by minerals and vitamin D, 

Abomasal juice was obtained by allowing the calves to drink dilute whey 
and removing it through the fistula in about half an hour. The mean yield 
of rennet for each ‘‘perfusion’’ from the first calf was 3120 units with a 
standard deviation of dr 1330 and 5680 units with a standard deviation of 
rt 2560 from the second calf. One unit of rennet is defined as the amount 
sufficient to coagulate in 100 seconds 10 ml. of a substrate consisting of 12 
grams of spray-dried skimmilk in 100 ml. of N/50 calcium chloride solution. 

A concentrated rennet was prepared from the abomasal juice. Cheese 
made from the fistula rennet was indistinguishable from the control cheese. 

This method of rennet production was regarded as too expensive in time, 
labor, and cost of food for use in commercial rennet production in England. 

S.T.C. 
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14. Relation of Lecithin to the Keeping Quality of Dry Whole Milk. 

C. D. Dahle and D. V. JosEPHSON, Pennsylvania State College. 

Natl. Butter and Cheese Jour., 34 , No. 10 : 18. Oct., 1943. 

Fresh milk %vas separated into cream and skim milk. The cream ivas 
churned and the butter melted and washed to obtain pure butter oil. A 
portion of the skim was centrifuged at 2o,000 RPM to reduce the lecithin 
ill the skim. Samples of the fresh milk, pure butter oil and skim, and pure 
blitter oil and centrifuged skim were pasteurized, homogenized, concentrated 
2 to 1, and dried by the atmospheric roll process. The dry milk was placed 
in brown bottles. Half of each lot was charged with nitrogen, and all con- 
tainers were carefully sealed and stored at 85° P. Some of each was re- 
constituted and examined at monthly intervals. The samples with least 
lecithin kept best although all samples deteriorated. Over half of the milk 
lecithin remained in the skim milk and though centrifuging reduced the 
amount, it may also have removed some other pro-oxidant. The experiments 
indicate the possibility of producing dry milk with excellent keeping quali- 
ties. ‘ W.V.P. 

15. The Gas-Packing and Storage of Milk Powder. C. H. Lea and T, 

Moran, Low Temp. Res. Sta., Cambridge, England, and J. A. B. 

Smith, Hannah Dairy Res. Inst., Ayr. Jour. Dairy Res., 13 ^ No. 

2: 162-215. 1943. 

The authors present the following summary of their extensive work : 

'‘(a) Pull-cream powders stored in the presence of up to 0.01 ml. of 
oxygen per g. of powder kept very well at both normal and high tempera- 
tures. This figure corresponds to 1% oxygen (after completion of desorp- 
tion) in the free-space gas of a can of spray-dried powder packed to a bulk 
density of 0.55 g./mL, or to 0.5% of oxygen in a can of roller powder packed 
to a bulk density of 0.35 g,/ml. Tallowiness was never definitely detected 
under such conditions, and there seems to be little or no advantage to be 
gained, at least so far as palatability is concerned, by improving on this 
figure. An atmosphere containing not more than 0.01 ml. of oxygen per g. 
of powder can therefore be considered an ideal pack for milk powder. 

‘^(b) Powders stored in the presence of 0.02 ml. of oxygen per g., ia., 
approximately 2% of oxygen in the free-space gas of a can of spray-dried 
fnll-cream powder, also kept well, in fact when storage was at 15° C. 
(59° F.) it was often impossible to distinguish between such powder and 
others stored in the presence of much smaller amounts of oxygen. At the 
high temperature at 37° C. (98.6° P.) the powder was usually, but not in- 
variably distinguishable from powders stored in lower concentrations of 
oxygen, but the difference was slight. Below 0.02 ml. of oxygen per g. of 
powder may therefore be considered a good commercial pack. 
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^^(c) Powder stored in tlie presence of 0.03 ml, of oxygen per g., i.e.^ 
approximately 3% of oxygen in tlie free-spaee gas of a can of spray-dried 
full-eream powder, kept quite well. The testing* panel could usually dis- 
tinguish between powder stored for long periods at 15° C. (59° P.) in this 
and in lower concentrations of oxygen, but the diiference was still small and 
probably not important from a practical point of view. In view of the diffi- 
culty of gas-paeking, spray-dined pow^ders in very low concentrations of 
oxygen, values up to 0.03 ml. of oxygen per g. of powder can be accepted 
as satisfactory for a commercial pack. It should be possible to store full- 
cream powder under those conditions for several years without serious 
deterioration. A rather lower concentration of oxygen than 0.03 mL/g. 
might, however, be desirable if storage is to include exposure to high atmos- 
pheric temperatures, 

‘‘(d) Powder stored in the presence of 0.04 ml. of oxygen per g., i.e,^ 
approximately 4% oxygen in the free-space of a can of spray-dried full- 
cream powder, deA^eloped a suspicion of ‘off^ flavor (mark 1.0) in about 
7 months and a definite slight ‘tallowy’ odor and flavor (‘off’ flavor mark 
1.5-2.0) in about 12 months at 15° C. (59° F.), but w^as little, if any, worse 
after 2 or 3 years’ storage. Though ahvays considered usable and some- 
times quite good, such powder ivas definitely inferior to samples stored in 
lower concentrations of oxygen, and so high a figure as 0.04 ml./g. should 
not be accepted as satisfactory. At 37° G. (98.6° F.) results were more 
unfavorable than at 15° C. (59° F.) and a sample of spray full-cream 
powder stored at this temperature was considered to have become unusable 
for part of the storage period, between 4 and 12 months, when ‘off’ flavor 
marks between 2.0 and 2.8 were recorded. The powder subsequently im- 
proved slightly to mark 2.0 at 12 and 16 months.” S.T.C. 

DISEASE 

16. Variations in the Occurrence of Bloat in the Steer Progeny of Beef 

Bulls. B. Knafp, Jr., A. L. Baker and E. W. Phillips, U. S. D. A., 

Beltsville, Md. Jour. Anim. Sci., .2, No. 3 : 221-225. Aug., 1943. 

The progeny of 13 registered Hex'eford bulls were used over a two-year 
period in this study. A highh" significant difference existed between progeny 
groups in both years on the frequency of bloat. The results indicate that 
there are inherent differences between progeny of different bulls in ability 
to handle large quantities of feed without digestive disturbances and indi- 
cate the possibility of improvement in this characteristic by selection on the 
basis of progeny tests. G.F.H. 

FEEDS AND FEEDING 

17. Determinations of Metabolizable Energy of Feeding Stuffs for 

Cattle, E. B. Forbes and E. J. Thacker, Dept. Anim. Nutr., 
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PennsylTania State Col., State College, Pa. Jour. Aniiii. Sci., 2^ 
No. 3 ; 226-230. Aug., 1943. 

In -worldng out a metliod for calculating metabolizable energy from the 
digestible nutrients, a eoinparison was made between experimentally deter- 
mined metabolizable energy of a group of feeding stuffs and computed 
values according to the formula of (1) Bratzler, (2) Kriss and (3) Axelssoii. 
Metabolizable energy values calculated according to the method of Axelsson 
were the most satisfactory for feeds other than silage. When the factor 3.3 
was used in computing metabolizable energy of the digestible ether extract 
of silage along with Axelsson ’s factors for digestible protein and carbo- 
hydrates of roughages, total metabolizable energy, values of silages were in 
approximate agreement with values based entirely on experimental obser- 
vations. C.P.PL 

18. Die Eignung von Kartoffeleiweisspiilpe als Milchviehkraftfutter. 

J. Schmidt and J. Kliesch, Univ. of Berlin. Zlichtungskunde, 18, 
No. 2 : 43-49. Feb., 1943. 

Two groups of six cows each were fed 3 kg. per day of this protein pulp 
to replace an oil cake mixture. The results were unfavorable. This wms 
repeated in another three-week experimental period. When the experiment 
was Again repeated but with only 2 kg. per day, practically no difference 
between the two groups was obtained. It is tentatively concluded that this 
feed may be fed with good results if the rate is not in excess of 2 kg. per day. 

J.L.L.* 

19. Untersuchungen iiber die Verwertung von Harnstoffstickstoff 

durch wachsende Kalber. J. Schmidt and J. Kliesch, Univ. of 
Berlin. Zuehtimgskimde, 18, No. 1 : 1-11. Jan., 1943. 

Whether the nitrogen in urea could be used by growing calves to replace 
part of their protein needs was studied on two jiairs of identical twin calves 
and in another experiment with three lots of five calves each. The first pair 
of twins was fed for 728 days. The data are presented for them in five 
consecutive periods. The second pair was fed for 436 days and the results 
are presented separately for four periods of this time. The three groups 
were fed over a period of 252 days. The basic ration was clover hay and 
dried beet pulp. The control groups received in addition a concentrate 
mixture thought adequate to cover their protein needs. The amounts of 
digestible crude protein ingested per day were the same, but the digestible 
true protein was 390 g. per day for the control group and only 190 g. per 
day for the amide group. The third group was given only as much digesti- 
ble true protein as the amide group and barely over half as much digestible 
crude protein. The growth curves of the control group were far above those 
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of the other two. The growth curve of the group receiving the amide nitro- 
gen Avas only a little above that of the group which received the same amount 
of true protein but no extra amide nitrogen. The authors conclude that 
both sets of experiments show that growing calves are not able to use the 
nitrogen of urea to any practical extent for growth. This agrees with their 
earlier and more extensive experiments on sheep. J.L.L. 

FOOD VALUE OF DAIRY PRODUCTS 

20. Reviews of the Progress of Dairy Science. Section D. The Nutri- 

tional Value of Milk and Milk Products. S. K. Kon, Natl. Inst, 
for Res, in Dairying, Univ. of Reading, England. Jour. Dairy 
Res., 13, No. 2 : 216-241. 1943. 

This is an excellent review of the literature on the nutritional value of 
milk and milk products covering the period from the beginning of 1940 to 
the end of 1942. 430 references. S.T.C. 

ICE CREAM 

21. Dried Whole Egg Powder. V. Definition and Properties of Low 

Grade Powders. M. W . Thistle, Margaret Reid and N. B. Gib- 
bons, Natl. Res. Council of Canada, Ottawa. Canad. Jour. Res., 
D ,^ l , No . 8: 267. 1943. 

The point at which 50% of a panel of tasters regarded dried egg powder 
as unsuitable for human consumption coincided with a rating of 2.7 on a 
scale ranging from 10 for excellent, fresh egg, to 0 for repulsive material. 
The protein fraction of these low grade samples had deteriorated badly, as 
shown by fluorescence measurements. The fat fraction shelved no evidence 
of peroxide oxygen formation lio\vever. O.R.I. 

22. Better Ices and Sherbets. C. D. Dahle, Pennsylvania State CoL, State 

College, Pa. Ice Cream Trade Jour., 39^ No. 10 : 30. Oct., 1943. 

The author outlines the requirements for, and characteristics of, high 
quality sherbets and ices, pointing out the difficulties encountered in manu- 
facture under present conditions. Particularly stressed are the necessity 
for controlling the overrun under 50%, preferably at about 35% ; the use 
of corn sugars high in dextrin and such cereal products as oat and wheat 
flour for improving body and texture; the proper amount of sweetening 
from the standpoint of body and texture as vrell as flavor ; and the necessity 
of considering the sugar content of fruit products used as flavors. Defects 
of ices and sherbets are also briefly considered. P.J.D. 
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23 . Wartime Trends in the Retail Ice Cream Store. Charles Paino^ 

Natl. Assoc. Retail Ice Cream Mfgrs. Ice Cream Trade Jour., 39 , 
No. 10 : 26. Oct., 1943. 

Results of a survey conducted among 80 companies representing 300 
retail ice cream stores revealed that sugar and labor are the most important 
problems facing operators of stores. Only 2% of the stores have discon- 
tinued the sale of cones and in these eases only intermittently. Eighty per 
cent have diseontintied the sale of bulk carry-out ice cream and the other 
20% have clone so at times, but only 2% have discontinued the sale of pack- 
ages. Sales of sherbet have ranged from 10% to 50% of the total gallonage 
with the big majority reporting about 25%. Over half the stores report 
that the consumer does not like to be forced to buy sherbet with ice cream. 
Ail of the stores are confident that they will be able to continue in business 
during the war. P.J.D. 

24, Possible Conversion of Ice Cream Plants to Frozen Foods. P. L. 

Thomsen and Richard Gabel, Bur. Agr. Economies, U. S. D. A., 
Washington, D. C. Ice Cream Trade Jour., 39 , No. 10: 38. Oct, 
1943. 

This article is the first report of a survey being conducted with the object 
of determining the practicability of utilizing the resources of the ice cream 
industry for the freezing and distribution of frozen fruits, vegetables, meats 
and fish should future conditions in the canning industry demand it. The 
possibilities of a shortage of tin, should the war with Japan be long drawn 
out, are pointed out as are also the lack of refrigerator ears and the fact that 
greater utilization of fresh pi^odiicts is difficult. Some arguments for con- 
version of a small proportion of the ice cream industries’ facilities at an 
early date rather than a substantial conversion at a later date are advanced. 
The general theme of the article seems to be that it would be better to play 
safe by conserving the available tin supply in some sueli manner rather than 
to hope for the best and be left high and dry with no tin for even the 
essential uses. P.J.D. 


MILK 

25. Dipper Strainer — Flaky Milk. H. J. Brueckner, Cornen Univ., 
Ithaca, N. T. Amer. Milk Rev., 5, No. 1 : 10. 1943. 

The dipper-strainer, with fine mesh screen bottom, is being used rather 
successfully at milk stations for detection of mastitis milk. Flakes of fat 
may be distinguished from curd flakes, and are caused by improper handling 
of milk at the f ai'ifi, chiefly by air cooling or slow cooling, mixing warm with 
cooled milk, and cooling milk in tanks not sufficiently filled with water to 
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reach the surface of the milk in the can. This method for examination of 
milk gives promise of much wider adoption. P.S.L. 

26. Prospects for Milk Supplies in 1944. T. G. Stitts^ Food Distrib. 

Admin., Washington, D. C. Ice Cream Trade Jour., 39 , No. 10: 

22. Oct., 1943. 

Indications are that milk production in 1943 will be slightly less than in 
1942 and estimations for 1944 are less than for 1943. Serious shortages of 
butter, cheese and fluid milk have developed in many areas. These are 
attributed to increase in the consumption of fluid milk and the greater utili- 
zation of dairy products by the armed forces and for Lease-Lend purposes. 
Eecent Order No. 79 aims to prevent further increase in the consumption of 
fluid milk in order that supplies will be available for butter, cheese, and con- 
centrated products. Notwithstanding Order No. 8 which reduced the milk 
solids going into ice cream by 35%, the total gallonage of frozen dairy foods 
for 1943 will be no less than in 1942, although it is estimated that the equiva- 
lent of 100,000,000 pounds of butter and 60,000,000 pounds of dry skimmilk 
will have been saved. 

The outlook for 1944 is that milk and dairy products will fall short of 
. supplying demands. Subsidies of 25 to 50 cents per cwt. of milk to farmers 
and 3 to 6 cents per pound of fat for cream have been authorized in an effort 
to stimulate production. 

No immediate change in the quota of milk solids for ice cream purposes 
is contemplated, but should the demand for milk solids for other, more 
urgently needed, dairy products become increasingly unsatisfied a review 
of existing food orders affecting dairy products would become necessary. 

F.J.D. 
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BOOK REVIEW 

27. Drying and Dehydration of Foods. Harry W. Von LoesRckb^ Bureau 

of Agricultural Chemistry and Engineering, tJ. S. Department of 
Agriculture, Published by Eeinhold Publishing Corporation, 330 
West Forty-second Street, New York. Consists of 10 chapters, 
glossary of terms, patent list, index. 302 pages. $4.25. 

, The tremendous wartime use of dehydration as a means of enabling 
efficient preservation and movement of foods in the light of packaging and 
transportation problems has led to many developmezits in the art. The 
dairy industry has experienced a phenomenal increase in dehydration in its 
own field. A knowledge of the processes and developments in other food 
product fields is important to workers in the dairy indnstr}" because of a 
potential utilization of milk in dehydrated processed foods. The book, 
Dehydration of Poods, is written in an excellent review manner, devoid of 
quotations and citations. The refei’ences necessary to the subject are listed 
separately at the end of each chapter. Types of dehydrators includes illus- 
trations of the principal types of units employed in the dehydration indus- 
try. A short resume is included in this chapter on the air, heat, moisture 
relationships of a tunnel dryer. Other chapters are : Sun drying and dehy- 
dration of fruits; Dehydration of Vegetables; Dehydration of Eggs; Milk 
and Butter ; Dehydration of Meat, Pish, and Beef Blood ; Plant Sanitation ; 
Costs of Dehydration; Nutritive Value of Dried and Dehydrated Poods; 
Packaging and Storage ; Methods of Analysis, and Reconstitution of Dehy- 
drated Poods. The section on dehydration of milk contains no information 
not available in recognized dairy texts. No discussion is included of specific 
techniques and problems of roller drying of skim and whole milk, nor of the 
quality standards for dried milk. The material in this chapter is brief in 
the light of the importance of the indnstry. The discussion in the text is 
well organized, and easily readable, and enables a ready grasp of principal 
methods in food dehydration. It will be an excellent book for those in the 
dairy industry seeking a good review of other branches of the food dehydra- 
tion industry, and their methods. K.G.W. 

BREEDING 

28. An Analysis of Milking Shorthorn Records. W, L. Gaines. III. Agr. 

Bxpt. Sta. Bui. 498. Aug., 1943. 

Because milk records for Milking Shorthorn cows had never been an- 
alyzed in the same way as those for other breeds, data from Volumes 9 to 
23 (1924-1938) of the Milking Shorthorn Year Book were collected and 
studied. The records were studied as a whole and in groups according to 
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iiiiiiiber of milking's dail}", length, of calving interval, and length of record. 
Only records whicll inelnded age of eow at calving, length of record, milk- 
fat yield, and fat percentage in addition to milk yield were studied. Milk- 
energy yield was computed by the usual formula. For the 6,311 records 
the average yield was 8,337 pounds of milk, 330 pounds of fat, and 8,285 
pounds of FCM, and the average fat percentage was 3.97. The subgroups 
differed greatly in average milk yield, milk-fat yield, and PCM yield, but 
differed very little in average fat percentage. For the records as a whole, 
the correlation between fat percentage and milk yield "was ~ 0.217 ; between 
fat percentage and fat yield, + 0.106 ; and between fat percentage and PCM 
yield, -0.026 (not significant). Similar correlations were found in each of 
the subgroups. When the change in yield between 3.0% fat and 5.5% fat 
was expressed by a straight line, milk yield showed a decrease of about 
30%, fat yield increase about 30%, and PGM showed very little change. 
These records afforded an opportunity to check the age-correction factors 
previously used for Milking Shorthorns, which were based on records of the 
breed up to June 1, 1920. The records reported here show a distinct shift 
toward earlier maturity, amounting to 6 months; and the age-correction 
factors need to be adjusted accordingly. There is no way of knowing 
whether this earlier maturity represents a change in the dairy qualities of 
the breed or a change in management of the cows. Actually age correction 
is probably simply an indirect allowance for live weight increases wuth age. 
A system of milk-yield correction based on live weight would be biologically 
more sound than an age-correction system, at least for cows less than 13 
years old. The season in which a eow calved had an appreciable effect on 
PCM yield. In general August calvers had the lowest yield and November 
ealvers had the highest. Certain of the records were studied to discover 
the difference between FCM yields of cows milked three times a day and 
of cows milked twice a day. The records of a typical group showed that 
eows milked three times a day exceeded in yield those milked twice a da^^ 
by 39%. The standard for dairy cows of the Bureau of Dairy Industry 
is that cows milked three times a day should outyield those milked twice 
by 24%, so it appears that Milking Shorthorns respond well to the more 
favorable conditions associated with three milkings daily. A new table of 
age-correction factors for the Milking Shorthorns is given together with 
notes explaining its adaptation for use wuth other dairy breeds. 

11 figures, 8 tables. J.G.A. 


BUTTEE 

29. The SQ--45-40 Method of Making Butter. G. H. Wilster^ Oreg. State 
Col., Corvallis. Natl. Butter and Cheese Jour., 34 ^ No. 11: 16. 
Nov., 1943, 

See Abstract No. 534, page A229, Vol. No. 12, Dee., 1943. 

. W.V.P. 
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CHEESE 

.‘30. ^ What About the Tentative New U. S. Cheese Grades? Walter V. 

Price, Univ. of Wis., Madison. Natl. Bnttei" and Cheese Jour., 34 ^ 
No. 11: 8. Nov., 1943. 

The tentative U, S. grades on cheddar cheese are unnecessarily compli- 
cated in defining grades for the primary market and unjustified in extend- 
ing similar definitions and grade names to the consumer trade in cured 
cheese. These tentative grades should be carefully studied by graders, trade 
^associations, consumer groups and commercial organizations and public 
hearings should be held by the Food Distribution Administration to review 
.and, if necessary, revise these grades. W.V.P. 

31. Milk Filtering in the Cheese Factor. Eaymond Miersch and Walter 
Y. Price, Univ. of Wis., Madison. Natl. Butter and Cheese Jour., 
34 , No. 12 : 26. Dee., 1943, 

Filtration of milk at the cheese factory does not justify the acceptance 
of insanitary milk. The capacity of a given filter varies with the condition 
•of the milk, such as its cleanliness, viscosity, acidity, fat and curd content. 
Preheating of the milk is sometimes used to increase filter capacity. BfiS- 
•ciency of a given filter is affected by the type of pad used, the re-use of 
washed pads and the volume and the sanitary condition of the milk. Clari- 
fication by centrifugal force is being used effectively in the Swiss cheese 
industry. Costs of filters vary from $150 to $600 for commonly used types 
and up to $1300 for larger models ; filter pads cost from 35 cents to about 
'$1.50 per day. Manufacturers who try to wash and re-use a filter pad take 
..an unjustified risk. W.V.P. 


CHEMISTRY 

32. Pectin as an Emulsifying Agent. Comparative Efficiencies of Pectin, 
Tragacanth, Karaya, and Acacia. Harry Lotzkar and W. Day- 
ton Maclay. Western Regional Res. Lab., U. S. Dept. Agr., Al- 
bany, Calif. Jour. Indus, and Engin. Chem., Indns. Ed., 35 , No. 
12:1294. Dec., 1943. 

The emulsifying ability of pectin is compared to that of gums tragacanth, 
karaya and acacia. The importation of these gums has been curtailed by 
shipping difficulties. The study was made of aqueous emulsions of olive, 
cottonseed and mineral oils under various conditions of acidity, ratio of oil 
to water and concentration of agent. Changes in the emulsions were fol- 
lowed by measuring the pH, viscosity, and specific interfacial area of the 
dispersed oil. In general the tragacanth stabilized emulsions were coarse 
and viscous, the acacia emulsions were fine and fluid, the karaya emulsions 
were gelatinous and the pectin emulsions were fine and viscous. The varia- 
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tioii of eiiiiilsifyilig pffieieiicy witli acidity and from oil to oil limited gen- 
eralizations tliat could be made on tlie comparative emulsifying efficiencies 
of pectin and tlie gums. B.H.W, 

33. Refractive Index Nomograph for Liquid Fatty Acids. D. S. Davis, 

Wyandotte Chemicals Corp., Wyandotte, Mieh. Jour. Indus, and 
Eng’in. Cliein., Indus. Ed., 35, No. 12: 1302. Dee., 1943. , 

Data in the literature covering the variation in refractive index with 
temperature, in the liquid state, for the noi^mal saturated fatty acids from 
eaproic to stearic, enabled the author to construct the accompanjdng chart 
for determining the refractive indices of these' acids at any temperature in 
the range of applicability. B.H.W. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

34. Dry Whole Milk — The Relation of Lecithin to Its Keeping Qualities. 

C. D. Dahle and D. V. JosEPHSON, Dairy Dept., Penn. State Col., 
State College, Pa. Ice Cream Trade Jour., 39, No. 11: 22. Nov., 
1943. 

The stability of dry whole milk toward the development of oxidized 
flavor during storage was found to be improved by the partial removal of 
lecithin normally fonnd in the fat globule adsorption layer. This removal 
was accomplished by separating the milk, churning the cream and rendering 
the butter. The resulting butter oil wms remixed with the skimmilk before 
homogenizing, concentrating and drying on a small open roll drier. In one 
trial the fluid skimmilk was supercentrifuged before mixing with the butter 
oil. This apparently removed some of the lecithin found in the skimmilk 
and the dry product exhibited further improvement in keeping quality. 
Lecithin contents of the dry milks were 0.753, 0.480, and 0.366% (on the 
basis of the fatty extracts) respectively, for the control product, the butter 
oil and normal skimmilk product and the butter oil and supercentrifuged 
skimmilk product. 

Improvement in keeping quality of dry w^hole milk resulting from a 
partial removal of lecithin was noted in both normal and nitrogen packed 
containers. P J D 

DISEASE 

35. Septic Sore Throat Epidemic at School. Fred W. Caudill, M.D., 

M.P.H. Dir., Div. of Communicable Diseases, and Melville A. 
Meyer, State Milk Sanit., Bur. of Poods, Drugs and Hotels, State 
Dept, of Health of Kentucky, Jour. Milk TechnoL, 6, No. 4 : 221. 
JuIy~Aug., 1943. 

A study is reported of two outbreaks of septic sore throat, which oc- 
curred among the students, teachers and other employees of the school. 
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Hemolytic streptococci were eultiired from specimens of milk taken from 
tile udders of 3 of the 10 cow^s in the herd furnishing milk for the school. 
All of the 10 cows showed the presence of Staphylococcus aureus or alhiis in 
the specimens of milk. The Staph, aureus were heniolytie in every instance. 

It was thought that one of the boys, who helped with the milking* and 
who reported to the infirmary with a sore throat, which appeared to be an 
extremelA^ septic throat, w^as the source of the infection. A period of 7 days 
had elapsed between his reporting to the infirmary and the oeciirrenee of 
the first large number of onsets. Improiier cleansing and sterilization of 
milk utensils, milker ^s hands, cows’ udders, and inadequate cooling were 
thought to be factors contributing to the outbreak. L.H.B. 

36. Newer Methods for Control of Mastitis. G. E. Spencer, Univ. of 

Wis., Madison. Natl. Butter and Clieese Jour., 34^ No. 11: 48. 

Nov., 1943. 

Find infected cows by regular use of strip cups and the Hotis test; 
segregate them, in separate barns if possible; and use separate teat cups 
on infected cow’s. Keep barns clean. Feed less grain to reduce production 
of infected cows. Milk cows regularly and thoroughly. Medicinal treat- 
ments for mastitis as yet are not wholly effective. W.V.P. 

37. Some Results with Mastitis at Michigan State College. E. C. Hor- 

WOOD, C. F. Clark, and C. S. Bryan. Eeprint from Mich.«Agr. 

Expt. Sta. Quar. BuL, 26, No. 1 : 43-50. Aug., 1943. 

At the start of this program in 1932 there were 56 cows in milk in the 
college herd. Of these 53.5% had infectious mastitis. In November, 1941, 
the herd passed its first completely negative test. During the following 13 
months to January 1, 1943, there have been nine months without any react- 
ing cows. Acute systemic infection has increased and resulted in an in- 
creased loss from death or functional use of the udder. The results in 
lowering infection in the herd were obtained by culling the infected cows, 
preventing the spread of the organism, and by recovery by treatment of 16 
mastitis-infected animals by laetovaeeine and tyrothricin. Thirty-six non- 
infected cows produced 45% of the milk and 44% of the biitterfat from the 
fore quarters. A reduction of 32% in milk and 32% in biitterfat was 
found in a similar study of 9 cows with opposite-infected and non-infectecl 
rear quarters. A comparison of microscopic method, chloride determina- 
tion, physical examination of udder, leucocyte determination, thybromol 
test, physical examination of milk and culture of milk on blood agar plates, 
of testing for infectious mastitis on individual quarters, from November, 
1932, to February, 1937, on the college herd led to the adoption of the 
monthly microscopic system of testing. There was no significant variation 
found in tlie milk nor udders of three mastitis-infected cows receiving 50 
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one-lioiir daily treatments with the short-wave diathermy as compared with 
three untreated mastitis-infected cows. Lactovaecine was found to correct 
26% of the cows positive to streptococci infection. Fifty per cent of the 
animals responding did so from four treatments, others required up to 12. 
Treatiiients beyond that number gave no correction. The study did not 
indicate that an immunity to infection was developed in non-infected cows. 
Nine cows treated with tyrothriein became negative to infectious mastitis. 
A temporary effect which resulted in lower milk production and the pro- 
duction of abnormal milk was observed. Four animals that were treated 
within three w’eeks following infection all maintained or showed no increase 
ill j>roduetion in the lactation following treatment. Only one animal "with 
long-standing infection responded in this manner. Three of the remaining 
four animals with long-standing infection (10 months to nine years) later 
developed acute s.ystemic mastitis and died or lost the functional use of the 
udders. Three other cows in the herd not previously infected were lost 
during the same period. J.G.A. 

FEEDS AND FEEDING 

38. Relationship between Fat Content of Dairy Grain Mixtures and Milk 
and Butterfat Production. C. F. Monroe and W. B. Krauss. 
Ohio Agr. Bxpt. Sta. Bui. 644. 40 pages, illus. Aug., 1943. 

F4ve feeding trials involving a total of 128 cows were conducted in order 
to determine the effect of different levels of fat in the grain mixtures on 
milk and butterfat production. The grain mixtures used contained only 
natural and by-product feeds commonly used in practice. The various fat 
levels were obtained, with some slight exceptions, by supplementing basal 
mixtures with either 41% (expeller) soybean oil meal, both with and with- 
out ground soybeans, or 44% (browmed extracted) soybean oil meal. The 
continuous type of feeding trial w^as employed in all five of the trials sum- 
marized. With the exception of six Jerseys used in one trial in the sec- 
ond series, the cows were all Holsteins of fairly high milk-producing ability. 
In the first series of two trials involving 70 cows fed on three levels of fat, 
the average production of 4% (F.C.M.) milk per 30 days wms: pounds, 
high-fat, 932.1; medium-fat, 921.1; and low-fat, 923.9. In the second series 
of three trials involving 58 eoW'S fed the two levels of fat, the average pro- 
duction of 4% (F.C.M.) milk per 30 days was: pounds, high-fat, 1,077.5; 
low-fat, 1,054.3. The butterfat tests and liveweight gains were apparently 
not affected by the fat levels in the feed. There w^as also no noticeable 
difference in palatability in the grain mixtures used. There was no notice- 
able difference in their effect on the general health and condition of the cows 
or in preventing or causing udder trouble. Under the conditions of these 
trials, 110 significant differences were observed in the production of milk, 



FEEDS AND FEEDING 


A19 


butterfat, or 4% (P.C.M.) milk or in the general liealtli of milking cows 
from the feeding of practical grain mixtures ranging in aYerage fat per- 
centage from 4.89 to 2.69. 

19 tables, 5 figures, 23 references. J.G.A. 

39. The Use of Dried Whey and Blood Meal in the Raising of Calves on 
Limited Amounts of Milk. I. L. Hathaway, G. W. Trimbergee, 
AND H. P. Davis. Neb. Agr. Expt. Sta. Res. Bnl. 132. 19 pages. 
Oct., 1943. 

Fifty grade Holstein heifer calves were suecessfnily raised from approxi- 
mately three weeks to six months of age on alfalfa hay, a grain mixture, a 
vitamin concentrate, and various amounts of skim milk, supplemented with 
a mixture composed of 3.2 parts of dried whey to one part of blood meal. 
Six and eight-tenths pounds of this mixture w^ere used to replace 50 pounds 
of skim milk. The milk was fed at 50-, 100-, 150-, 200-, 250-, and 300-pound 
levels. The calves in five of the lots made an average daily gain of approxi- 
mately li pounds per head for 21 weeks. There was no statistically sig- 
nificant difference among the average gains in weight made by five of the 
six lots of calves. Three hundred pounds of skim milk alone produced 
cheaper gains than 50 pounds of skim milk supplemented with 34 pounds 
of the whey-blood-meal mixture. It was concluded that 6.8 pounds of a 
mixture composed of 3.2 parts of dried whey and one part of blood meal 
is a satisfactory substitute for 50 pounds of skim milk in the feeding of 
healthy dairy calves, which are approximately three weeks of age and which 
weigh not less than 104 pounds. Thirty-four pounds of this whey-blood- 
meal mixture can be fed, without serious effects, in 30 days even though 
as much as 1.8 pounds are fed daily for a few days. Healthy, vigorous 
dairy calves can be satisfactorily raised from three weeks to six months of 
age on as little as 50 pounds of the skim milk if it is properly supplemented 
with dried whey, blood meal, alfalfa hay, a grain mixture, and a vitamin 
concentrate. Labor can be saved in the raising of dairy calves by replacing 
the pail feeding of milk over a long period with a few weeks of milk feeding 
followed by a suitable grain mixture, alfalfa hay, and a vitamin concentrate. 
With the prices of feeds as quoted herein, the feed cost of raising calves on 
milk only may be less than when the milk is replaced by this whey-blood- 
meal mixture. However, when the labor cost is considered in connection 
with the feed cost, the additional expense of nsing the substitute mixture 
will not be prohibitive. Dried whey and blood meal can be utilized as a 
means of diverting milk from calf feeding to human food and to other uses. 

J.G,A. 

40, The Nutritive Value of Korean Lespedeza Proteins and the Deter- 
mination of Biological Values of Proteins for Growing Dairy 
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Heifers. E. W, Swanson and H. A. Herman. Mo. Agr. Expt. 

Sta. Res. Bill. 372. 68 pages, illus. Aug., 1943. 

All investigation was made of the utilization of the crude protein 
(N X 6.25) of Korean lespedeza hay and seed and various other feeds by 
growing dairy heifers. Biological values of the various proteins were deter- 
mined, and net protein values and other measures of the nutritive value of 
the proteins were calculated. The net utilization of proteins from lespedeza 
liar, alfalfa hay, dried skimmilk, corn, lespedeza seed, soybean oil meal, and 
combinations of lespedeza hay with corn, milk, or soybean oil meal was not 
significantly different for dairy heifers when they were fed at a 10% level. 
The feeds were ranked according to the biological value of their proteins 
as follows ; lespedeza haj^ corn and lespedeza hay, milk and lespedeza hay, 
alfalfa hay, corn, soybean oil meal, soybean oil meal and lespedeza hay, 
lespedeza seed, and dried skimmilk. It was concluded that the quality of 
the absorbed proteins from Korean lespedeza hay or seed was equal to the 
quality of the absorbed proteins from milk, corn, alfalfa hay, or soybean 
oil meal for growfing dairy heifers. The digestibility of the crude protein 
of lespedeza hay was shown to be relatively low, and the high lignin content 
of lespedeza leaves was revealed as a jiossible explanation of the poor pro- 
tein digestibility. Highly lignified late-cut lespedeza hay was shown to be 
of very low nutritive value, the digestibility of all of its nutrients being 
greatly depressed. Digestion coefficients were determined for all of the 
nutrients of intermediate-cut lespedeza hay, late-cut lespedeza hay, and 
ground lespedeza seed. 

12 figures, 16 tables, 110 references. J.G.A. 

HERD MANAGEMENT 

41. Faster Milking. “W. E. Petersen. Univ. of Minn. Agr. Ext. Serv. 

Folder 119. Illus. June, 1943. 

The technique of faster machine milking is briefly set forth with reasons 
for the several steps. Rules are as follows: (1) stimulate the cows to let 
down their milk one minute before putting on the machine; (2) operate the 
milking machine according to the manufacturer’s directions; (3) strip the 
cows by machine; and (4) do not leave the machine on the cow after milk 
stops flowing. J G A 


ICE CREAM 

42. The Preparation and Use o£ Invert Syrup in the Manufacture of Ice 
Cream. E. L. Pouts, L. E. Mull and T. R. Freeman, Univ. of 
Pla., Gainesville. Fla. Agr. Expt. Sta. BnL 393. Sept., 1943. 
Invert syrup of 70%, solids was made using various acids and heating 
times. It was found that a satisfactory syrup could be made by boiling for 
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30 minutes 100 grams of tartaric acid, 100 pounds of sugar and 44 pounds 
of water. Citric acid in the same amount was found to be equally. satisfac- 
tory. Three pints of lemon juice in the same formula produced equally 
satisfactory results and can be substituted for the tartaric and citric acids 
which are difficult to obtain. The invert syrup will keep well at room 
temperature. 

In ice cream the invert syrup was found to be equal in sweetening value 
to the same amount of cane sugar and it is recommended that 25 to 50% 
substitutes of cane sugar can be made in ice cream, but where the latter 
amount is used the serum solids of the mix should be increased 1%. 

C.D.D. 


MILK 


43. Is It Desirable to Simplify and Unify Our Milk Quality Program, 
From' the Viewpoint of the Health Officer. N. 0. Gunderson^ 
Cominr. of Health, Rockford, 111. Jour, Milk TechnoL, 6 ^ No. 4: 
225. Jnly~Aug., 1943. 

A four-point test system in use in Rockford, Illinois, is described. This 
system, after an initial inspection of the farm, shifts the point of observation 
with reference to quality control from the farm to the receiving dock or city 
plant. The four-point test used for judging the quality of milk is (1) 
Sediment test, (2) Direct microscopic (or Reduction test), (3) Phosphatase 
test, and (4) Swab test, together with other simple observations made at the 
receiving or processing plant. Under this system farm inspections are 
limited to the small number of non-compliance milk producers. 

The cost of supervising this plan is approximately 0.155 cents per gallon 
•of milk. 

Preliminary results of this system of inspection at Rockford for the first 
five months of 1943 are given. 

Some advantages given for this system are as follows : 

1. A method of unifying milk control procedures. 

2. Quickly locates apparent source of poor milk. 

3. A means of culling out low-producing mastitis cows. 

4. Minimizes time-consuming routine farm inspection. 

5. Emphasizes safety, quality, and flavor of milk — not esthetic scoring 
of milk control. 

6. Is apparently applicable to not only fluid milk, but to cream, butter, 
cheese, evaporated and dried milk quality control procedures. 

7. Conserves manpower so essential in the war effort. 

A suggestion is made that a National Allied Dairy Products Council he 
formed for the purpose of formulating specific recommendations that will 
simplify and unify the many varied milk control procedures applied to fluid 
milk, cheese, cream, butter, ice cream, evaporated and dried milk. L.H.B. 
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44. Homogenized Milk and Public Health. G. M. Teout, Mich. Agr. 

Espt. Sta., East Lansing, Mich. Jour. Milk Technol., 6, No. 4 : 214. 

JiilT-Aiig’., 1943. 

Tlie Mstory and development o£ homogenized milk are given together 
with a very good bibliogTaph 3 ^ on the subject. 

Some of the facts regarding homogenized milk and particularly those 
having a public health significance are discussed. The factors considered 
are: 

1. Homogenized milk must be a pasteurized product. Eaw homogenized 
milk will develop a rancid flavor in a very short time. 

2. Homogenized milk may be pasteurized at a higher temperature and 
maintained for a longer holding period than regular pasteurized milk. 
There is no cream line on homogenized milk, which will be destroyed by 
high pasteurization temperatures. 

Homogenized milk cannot be mixed with raw milk. Kancid flavor will 
develop. Only clean milk may be used for homogenizing, otherwise, sedi- 
mentation is a possibility. Homogenization, when applied to milk, has a 
tendency to make the processor more “milk conscious’’ as it requires more 
care in processing and merchandising than does unhomogenized milk. Ho- 
mogenized milk is a factor in developing increased milk consumption, due 
principally to the fact that homogenization protects against oxidized flavor. 

L.H.B. 


45. Milk House Construction, Equipment and Maintenance. H. A. Ben- 

DixEN, State College of Wash., Pullman, Wash. Jour. Milk Tech- 
nol., 6y No. 3 : 175. May-June, 1943. 

Studies were made at State College on milk house construction and 
equipment suitable for Washington conditions. 

Location, size and construction of milk houses are discussed together with 
types of materials best suited. L.H.B. 

46. Market Homogenized Milk in Philadelphia. Bernard Spur, Milk Res 

Labs., Children’s Hosp. of Philadelphia, Philadelphia, Pa. Jour. 

Milk TeehnoL, 6, No. 5 : 266. Sept.-Oct., 1943. 

That the sanitary quality of the homogenized milk produced in Phil- 
adelphia is exceptionally good is shown by the study made at the Milk Re- 
search Laboratories, Children’s Hospital of Philadelphia, during the eight 
months period from December, 1940, to September, 1941. Samples were 
taken each month during this period, with the exception of January and 
March. The samples were purchased at the distributing platforms of the 
milk plants. 

Of 34 plants producing Grade A homogenized milk, 26 of them had 
average counts under 8,000. This represented 96% of the total Grade A 
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liomogeiiized milk eoiisiimed in Philadelphia. Only three |)lants had aver- 
age counts over 25,000. 

There were 36 plants producing Grade B homogenized milk, and of these 
plants, 22 had average bacterial counts under 8,000, This represented 89% 
of the Grade B homogenized milk consumed. All but two of the plants had 
average counts under 50,000 and only one was over 100,000; Twelve of the 
dairies were known to pasteurize before homogenizing, while three were 
known to homogenize before pasteurizing. 

The bacterial counts obtained in these plants seemed to indicate that 
the question of getting low counts is more dependent on the sanitary con- 
ditions in the plant (and probably on the type of bacteria in the raw milk 
supply) than on the order of the processes. Of the twelve plants pasteurizing 
before homogenizing, only one had an average bacterial count over 5,000, 
and that ivas an average count of 18,200 on the Grade B milk. The average 
bacterial count on this plant’s Grade A milk was 4,018. Of the three plants 
pasteurizing after homogenization, two of them had very low counts on both 
Grade A and B milks (less than 1,400) . The other plant had average counts 
of 15,338 on the Grade A and 11,681 on the Grade B. 

The average curd tension of the Grade A milks was 11.6 gnis. and on the 
Grade B was 11.2 gms. The curd tension for the Grade A milks ranged from 
5.3 gms. to 18.4 gms., while for the Grade B milks it ranged from 4.6 to 15.9 
gms. L.H.B. 

47. A Ropy Milk Outbreak Caused by a Thermoduric Micrococcus. C. 

C. Prouty^ Div. of Dairy Husbandry, Wash. Agr. Expt. Sta., Pull- 
man, Wash. Jonr. Milk TeehnoL, 6, No. 5 : 263. Sept.-Oct., 1943. 

An outbreak of ropy milk occurring in commercially pasteurized milk 
was studied. An organism closely related to Micrococmis freiideneichii w^as 
isolated and its source was traced to one of the dairies f iirnishing milk to the 
pasteurizing plant. When milk from this producer was excluded, no 
further ropiness was experienced in the pasteurized product. 

Some cultures of the organism were found to survive a pasteurization 
temperature of 143° P. for 35 minutes, while in other instances 20 minutes 
at that temperature was sufficient to render the organism nonviable. 

The organism had the ability to cause rapid development of ropiness 
with an abnormal flavor and odor, followed by active proteolysis. L.H.B. 

48. The Connecticut Three-Point Laboratory Program as an Aid to Con- 

trol of Pasteurized Milk. Friend Lee Mickle and Earle K. 
Borman, Dir. and Asst Dir., Bur. of Labs., Conn. State Dept, of 
Health, Hartford, Conn. Jour. Milk TechnoL, 6, No. 4: 231. July, 
Aug., 1943. 

A three-point program for determining the quality of pasteurized milk 
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was started in 1937 after a state-TOde siuweju The tentative standards set 
were : 

^ ^ 1. Direct microscopic clump count limits : 

Grade A pasteurized milk — 200,000 per ml. 

Grade B pasteurized milk — 500,000 per ml. 

2. Colif orm organisms : Absent in 0.1 ml. 

3. Pliosphatase test : Less than 0.05 mg. phenol.’^ - 

The coliform standard -was changed to absent in 1.0 ml in January, 1941. 

The use of these standards has not worked a hardship on dealers in good 
quality milk. 

The direct microscopic clump count on pasteurized milk has proven 
satisfactory in easily classifying milk as either good or bad and with greater 
rapidity than the agar plate count. In 1939 only 4.1% of the Grade A 
samples had counts in the borderline range between 200,000 and 300,000, 
while only 6.5% of the Grade B samples had counts in the borderline range 
between 500,000 and 1,000,000. 

During the five-year period 77.4% of the samples (more than 15,000) 
met the tentative standards of 200,000 for Grade A and 500,000 for Grade 
B pasteurized milk by the direct microscopic clump count; 75.6% met the 
tentative standard for coliform organisms; and 92.7% met the tentative 
standard for the phosphatase test. 

The advantages of the three-point program for determining the quality 
of pasteurized milk were given as follows : 

The direct microscopic clump count presents a more nearly true pic- 
ture of the bacteriological quality of a milk supply than does the plate count, 
and provides a much more rapid, more complete, and hence more effective 
laboratory service to the control official. 

2. Tests for coliform organisms, furnishing evidence of improper hand- 
ling after pasteurization, yield supplementary information correlating well 
with the direct count. 

3. The phosphatase test yields the only positive information obtainable 

on the effectiveness of pasteurization, and hence is an indispensable index 
of probable safety of a siippl}'.’^ L.H.B. 

49, Efficiency of Milk Marketing in Connecticut. 5. Economics and 
Biology of Alternate-Day Milk Delivery. E. G. Bressler, Jr., 
E. 0. Anderson, D. A. Clarke, Jr., and E. N. Bilenker. Conn. 
Agr. Expt. Sta. Bui. 247. 60 pages. Ma.y, 1943. 

Alternate-day delivery of milk has proved to be an effective method of 
conserving resources. Eetail milk truck mileage has been reduced an aver- 
age of 44% in Connecticut markets. The mileage savings and increased 
deliveries per stop reduced route time by nearly one-third, which in turn 
made possibly increased loads and some consolidation of routes. The pro- 
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gram reduced requirements for gasoline and tires by , approximately 40%. 
Man-bonrs were reduced 30%, but some of this reduction represented 
shorter hours per route so that the number of men freed for other employ- 
ment was only 14% in 1942. Under present conditions annual savings in 
Connecticut total one million gallons of gasoline, forty-six thousand quarts 
of oil, and two thousand truck tires, and the elimination of nearly 200 routes. 

Monetary savings have not been large in spite of these important reduc- 
tions in men and materials. In 1941, retail delivery costs in city markets 
average 4.06 cents per quart. In the spring of 1942 alternate-day delivery 
costs were approximately 3.70 cents per quart, while a j^ear later, they were 
3:61 cents. These savings were offset at least in part by wartime increases 
in the other costs of milk distribution. If alternate-day deliveries are con- 
tinued in the post-war period, and if weeklj' earnings of routemen return 
to the normal pre-war levels, total delivery costs would be approximately 
2.74 cents, a savings of 1.32 cents per quart. 

Successful application of alternate-day delivery is dependent on the 
keeping qualities of milk. Experiments indicate that satisfactory results 
are obtained where home refrigeration is adequate. P.H.T. 

50. Efficiency of Milk Marketing in Connecticut. 6. Truck Costs and 
Labor Requirements on Milk Delivery Routes. D. A. Clarke, 
Jr., and R. G. Bressler, Jr. Conn, Agr. Expt. Sta. Bui. 248. 39 
pages. June, 1943. 

In general, costs fell into three categories : overhead costs, fixed operat- 
ing costs per day, and variable operating costs per mile. Combining over- 
head and fixed operating costs, the daily costs of operating retail trucks 
average $1.68 plus $0.44 per mile. For wholesale trucks daily costs aver- 
aged $2.46 plus $0,045 per mile. These costs are based on daily delivery con- 
ditions and on cost rates representative of the period 1940-41. The costs of 
operating alternate-day delivery trucks averaged about $7.51 per day plus 
$0,045 per mile during the spring of 1943. 

In greatly simplified form the time required to operate daily retail routes 
may be represented by 1.2 minutes per quart plus four minutes per mile, 
while for alternate-day delivery the time requirements are 0.8 minutes per 
quart plus four minutes per mile. On wholesale routes the time per quart 
is only 0.35 minutes. Under average conditions of route organization it is 
possible to handle about 35 quarts per hour on daily retail delivery routes, 
60 quarts per hour on alternate-day retail routes and 125 quarts per hour 
on wholesale routes. 

With daily delivery, the average retail driver earned about $44 per week 
and labor costs averaged about $0,026 per quart. With alternate-day 
delivery average weekly earnings were $56 (commission basis) while labor 
costs averaged $0,025 per quart. On salary and commission payments the 
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weekly earnings averaged $46 and costs $0,025 per quart. On wholesale 
routes the average cost per quart was between $0,006 and $0,007. 

In 1941 truck costs averaged $0,011 per quart, route labor costs $0,026, 
iniseellaneous costs $0,004, and total delivery costs of $0,041 per quart. In 
1943 with alternate-day delivery, truck costs averaged $0,007, route labor 
$0,025, niiscellaneous route costs $0,004 and total retail delivery costs $0,036 
per quart. In the spring of 1943 wholesale delivery route truck costs aver- 
age about $0,003 per quart, labor costs $0,006, niiscellaneous costs $0,004, and 
total delivery costs $0,014 per quart, . P.H.T. 

51. Efficiency of Milk Marketing in Connecticut. 7. Milk Delivery in 
Rural Connecticut. Alan MacLeod and C. J. Miller. Conn. 
Agr. Expt. Sta. Bill. 249. 37 pages. July, 1943. 

Opportunities exist for conserving scarce resources in the distribution 
of fluid milk in rural areas. A study of 12 areas in Coiinecticnt has indi- 
cated the size of the savings that might be realized from complete adoption 
of alternate-day delivery and from the alloeation of exclusive territories 
with deliveries made daily or on alternate days. 

In the summer of 1942 about 36 per cent of the daily delivery mileage 
was being saved. This compares with a maximum estimated potential sav- 
ings of 45 per cent if all producers were placed on an alternate-day basis. 

Adoption of a system of exclusive terrritories would yield potential sav- 
ings of 38 per cent with daily delivery or of 64 per cent with alternate-day 
deliver}'. The present system of alternate-day and daily delivery is saving 
almost 1.3 million miles yearly in rural Connecticut towns. These savings 
could be increased to 2.2 million miles by the adoption of exclusive territories 
in combination with alternate-day delivery. This would produce a savings 
of about 220,000 gallons of gasoline, 11,000 quarts of oil, and 500 delivery 
truck tires. The savings in manpower would probably be most important 
of all as the time released from delivery can be put to more productive uses. 

RH.T. 


MISCELLANEOUS 

52. Rost-War Problems of the Locker Industry. Sleeter Bull, Univ. of 
111., Urbana. Natl. Butter and Cheese Jour., No. 11 : 22. Nov., 
1943. 

The rapid growth of the locker industry has resulted in some troubles 
caused by poor plant design, improper insulation, under equipment, lack of 
information in management and operation, and consumer ignorance. The 
future promises more problems such as the development of household units 
for home freezing and storage and the possibility of freezing foods in transit 
at high altitudes. W.V.P. 
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53. Pyrex Glass Tubing as a Substitute for Metal Milk Pipe in Dairy 

Plants. G. J. Hucker and Robert E. Thomas, N. Y. State Agr. 

Expt. Sta., Geneva, N. Y. Jouxv Milk TeciinoL, 6 ^ No. 4: 197. 

Jiily-Aiig., 1943. 

A study was made under commercial conditions in a plant handling 
approximately 45,000 pounds of milk daily. 

The study revealed that pyi’ex glass tubing, beaded or flanged, can serve 
as a substitute for metal milk pipe in dairy plants. 

It proved impractical under general operating conditions to dismantle 
beaded glass tubing daily for cleansing, the same as metai pipe. Some 
breakage and chipping was experienced when this was done. 

It was found that pyrex tubing could be satisfactorily cleaned in an 
assembled position. 

A bacteriological study of glass tubing cleaned and sterilized without 
disassembling gave results, from a sanitary standpoint, which were satis- 
factory and comparable to those obtained when metal pipes are dismantled 
daily and cleaned in the usual manner practical in the dairy industry at 
present. 

The method used for daily cleaning of the glass tubing in the assembled 
position was as follows : 

Rinse milk lines by circulating ( 1 ) cold water, (2) a 0.6% solution of 
an alkali cleanser containing 4.0% of a wetting agent at a temperature not 
less than 110° P. for at least 20 minutes, (3) clean water rinse at 110° P., 
(4) hot water rinse at about 190° P. for not less than 15 minutes. Just 
before use circulate a chlorine rinse solution of at least 100 ppm. strength 
through the entire milk processing system. Glass tubing and tube joints 
opened and examined at intervals of two to six weeks using this treatment 
were found to be in an excellent sanitary condition. 

The optimum time interval for disassembling and examining tubing and 
joints was not determined. It was suggested, however, that the interval 
should not be greater than two weeks, until further data were secured. 

L.H.B. 

54. Comparative Educational Background of Dairy Graduates, Sanitary 

Engineers and Veterinarians in Milk Control, Sidney Shepard, 

Birmingham, Ala. Jour, Milk TeehnoL, 6 ^ No. 4: 235. July- 

Aug., 1943, 

Since World War I the field of dairy science as it relates to public 
health has slowly but surely drifted from the dairy college graduates into 
the hands of sanitary engineers (a division of civil engineering) and veter- 
inarians. Today, only sanitary engineers may hold commissions as milk 
sanitarians with the United States Public Health Service, and only veter- 
inarians are deemed qualified to exercise sanitary supervision over the 
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prodiictioB and manufacture of all products of ^bovine origin’ being used 
by our armed forces. ’ ’ 

Prom a study made of the eurricula of five dairy colleges, four veter- 
inary colleges and five schools of sanitary engineering (^'In each instance 
the colleges studied were those generally accepted as outstanding in their 
particular field.”), it was obvious that the dairy colleges were doing a good 
Job in educating men for a career in milk sanitation. In every instance 
they had courses in dairy manufacture, animal husbandry, bacteriology, 
dairy bacteriology, chemistry, dairy chemistry and agricultural economics. 

Of the veterinary colleges studied only two offered any courses in the 
fundamentals of milk and its products and these were of a limited nature. 
More courses were offered in animal husbandry, but this was due to the fact 
that farm animals other than cows were studied. 

None of the schools of sanitary engineering offered any courses of study 
ill either dairy manufactures or animal husbandry. 

Thus, it would seem that the dairy college graduate would be the logical 
choice for milk sanitation work. 

From a questionnaire sent to cities of more than 100,000 population, it 
was ascertained that in 32 out of 79 of these cities answering the question- 
naire, no dairy graduates were employed in milk sanitation. 

The fact that dairy graduates are being discriminated against is prob- 
ably due to the fact that the dairy colleges have been too prone to overlook 
the public health field, concentrating their interest in turning out men for 
the industry ; also, many health officials have become oblivious to the virtues 
of the technically trained dairy college graduate when milk sanitarians are 
being sought. 

While many milk sanitarians are sanitary engineers who by practice 
and experience have become expert in this particular line of endeavor, the 
preeminence of the educational background of the dairy graduate cannot 
be denied — ^by this virtue above all, is he (the dairy college graduate) the 
logical candidate for milk sanitation and all it implies.” L.H.B. 

55. Properties of Detergent Solutions. Thermal pH Coefficients of 
Alkaline Solutions. Lester B. Kuentzel, James W. Hensley, 
AND Leslie R. Bacon, Wyandotte Chemicals Corp., Wyandotte, 
Mich. Jour. Indus, and Engin. Chem., Indus. Ed., 35 , No. 12: 
1286. Dec., 1943. 

This is the fourth of a series of papers concerned with the properties of 
detergent solutions, especially those used in laundry practice. Detailed pH 
data at 25°, 40°, and 60° C. are presented for distilled water solutions of 
nine commercial alkalies sometimes used alone and in combination as soap 
builders. The alkalies examined were sodium hydroxide, sodium carbonate, 
sodium bicarbonate, trisodium phosphate, tetrasodiiim pyrophosphate, 
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sodiiiiii tetrapliosphate, sodium metasilicate, sodium sesqiiisilieate aud 
sodium ortliasilicate. B.H.W. 

56. Mixed Calcium Salts of Soaps and Anionic Detergents. Gilbert D. 

Miles and John Ross, Golgate-Palmolive-Peet Co., Jersey City, N. 

J. Jour. Indus, and Engin. Chem,, Indus. Ed., 35 , No. 12: 1298. 

Dee., 1943. 

Mixed salts of calcium with fatty acids and sjuithetie anionic detergents 
were found to form when mixed in solution. Study of formation of the 
salts ill mixtures containing sulfated detergents, soap and calcium salt per- 
mitted appraisal of decrease in foaming and detersive properties of the 
solutions. No corresponding behavior was found for magnesium salts. 

B.H.W, 

57. Labor Saving Through Farm Job Analysis. I. Dairy Barn Chores. 

E. M. Carter. Vt. Agr. Expt. Sta. Bui. 503. 66 pages, illus. 

June, 1943. 

A detailed record was made of the time taken, the distance walked, and 
the routes traveled by the owner in doing the barn chores for his 22-cow 
dairy. After careful study of the problem a series of changes, designed to 
make the W'Ork easier and to save time, were made. These changes were of 
four general types: (1) Rearrangement of the stable; (2) Improvement of 
work routines; (3) Provisions of adequate and suitable equipment; (4) 
Convenient location of tools and supplies. As a result, the time spent on 
chores was reduced from 5 hours 44 minutes to 3 hours and 39 minutes 
daily, a saving of 2 hours 5 minutes, and the travel was reduced from 3i 
to 1-J miles daily, a saving of 2 miles. Two hours a day is equivalent to 
more than 60 12-hour days, a good 2 months work, in a year ; 2 miles daily 
is equivalent to 730 miles yearly. The money cost of the changes made 
was small. What this man did can he done by any dairy farmer who wdll 
undertake the task seriously. Many of the ideas worked out on his farm 
can be applied on other farms without change. In other eases some modi- 
fication may be necessary to make them workable. In still others new 
schemes may need to be devised to solve particular problems. But the 
method here used of observing the chores, studying the problem, and work- 
ing out improvements can be applied anywhere. Specific suggestions for 
the Job are given;.. also a score card for dairy barn layout. 

38 figures, 22 tables. 


J.G.A. 
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ABSTRACTS OF LITERATURE 
BACTERIOLOGY 


58. Significance of Adequate Controls in Absolute Sterility Determina- 

tions. D. C. Foord, C. L. Crane, and B. S. CijArk, Kes. Dept, 

Amer. Can Co., San Francisco, Calif. Food Ees., 8, No. 6: 489. 

Nov.-Dee., 1943. 

Data accumulated in routine baeteidological exainination of paper milk 
containers over a period of three and one-half years (30,718 tests) by the 
rinse test of the A.P.H.A. Standard Methods, indicated 78.5% were sterile. 
If a correction for technique error is made, 97% of the containers were 
sterile. The non-sterile containers showed fe^ver than three bacteria per 
container or approximately 0.003 of the limit permitted b^^ the U. S. Public 
Health Service Milk Ordinance and Code. 

Data are included which demonstrate that the method of incubating 
nutrient broth in the container, as suggested in Standard Methods, yields 
an inaccurate measure of the organisms which the container would con- 
tribute to milk placed therein, because the container is subjected to condi- 
tions which it is not required to meet in commercial use. 

Control data for the rinse test indicate that in testing for absolute ste- 
rility of any type of containex's no less than one control should be made for 
each three containers tested. F. J.D. 

59. Extracts from Irish Moss as a Substitute for Agar in Bacteriological 

Culture Media. A. W. Walker and A. A. Day, Dept, of Bact., 

Northwestern Univ., Medical School, Chicago. Food Ees., 8^ No. 6 : 

435. Nov.-Dee., 1943. 

The possibility of nsing the gelatinous extract of Chondrus crispus (Irish 
Moss) as a substitute for agar, which is becoming a ‘‘critical material,” was 
investigated. The particular product used was “carrageen” made by the 
Krim-Ko Co. of Chicago, Illinois, to which the manufacturers have given the 
name “Garragar” when used as a substitute for agar. 

Eesults indicated that “Garragar” can be used as a solidifying agent in 
bacteriological culture media. The gel is not as firm as agar, the melting 
point is lower and it is more easily hydrolyzed. However, it is satisfactory 
for most purposes and can be made fii’mer by additions of agar to it. 
Neutralization of the “Garragar” before heating prevents its hydrolyzation. 

“Garragar” produced comparable results, in all of the media employed 
in the study, to those obtained with agar. F. J.D. 

A31 
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60. A Comparative Study of One Per Cent and Five Per Cent Solutions 

of 30 to 40 Mesh Gelatins for Bacteriological Examination. 
Tech. Com. op the Edible Gelatin Mfgrs., Res. Soc. of America. 
Pood Res., 5, No, 6 : 429. Nov.-Dee., 1943. 

One per cent solntions of 30- to 40-mesh gelatin are preferable to five per 
cent solutions for bacteriological examination, in the judgment of the com- 
mittee. While no results were obtained with coarsely ground or flake 
gelatins, it is suggested that five or teh. per cent solutions will probably yield 
more reliable results. P.J.D. 

61 . Nutritional Studies on Streptococcus Lactis. I. An Unidentified 

Growth Factor Found in Yeast Extract. P. R. Smith, Univ. of 
Calif., Davis. Jour. Bact., 46, No. 4: 369. Oct., 1943. 

The author describes the preparation and some character isties of an 
unknown substance in yeast extract that is essential for the growth of certain 
strains of Streptococcus^ lactis. This growth factor is apparently not a 
knovTL vitamin and could not be replaced by a combination of amino acids. 

D.P.G. 

62 . Heat Resistant Organisms in Milk Supplies. W^, D. Dotterer, Dir, 

of Labs., Bowman Dairy Co., Chicago, 111. Jour. Milk TeehnoL, 
6, No. 5 : 269. Sept.-Oct., 1943. 

It is quite common to find a great many milk supplies containing thermo- 
durie bacteria. Some areas are a greater source of trouble from these 
organisms than others. 

Utensils have generally been the source, with milking machines involved 
more frequently tbnn others; however, the cow’s udder may also be the 
source. 

High-temperature short-time pasteurization will generally give higher 
counts than the vat system of pasteurization. 

Great care in the cleansing and sterilizing of utensils is necessary for the 
elimination of thermoduric organisms from milk supplies. L.H.B. 

BREEDING 

63. Inhibition of Sperm Glycolysis and Reversibility of the Effects of 

Metabolic Inhibitors. Henry A. Lardy and Paul H. Phillips, 
Dept. Biochem., Univ. Wis. Jour. Biol. Chem., 148, No. 2: 343. 
1943. 

Using a 0.02 M glucose solution as a substrate for washed bull spermata- 
zoa the following inhibited glycolysis and their effect was reversible: 
cyanide, qiiinone, fluoride and azide; while maleate, hydroquinone, iodo- 
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acetate and giyceraldeliyde inhibited glycolysis but their effect was not 
reversible. 

yolk-buffer some specimens of bull spermatazoa could be almost com- 
pletely inactivated by fluoride for several days and upon transfer to fresh 
yolk-buffer vigorous motility was regained.’’ A.O.C. 

64. Inhibition of Sperm Respiration and Reversibility of the Effects- of 

Metabolic Inhibitors. Henry A. Lardy and Paul H. Phillips, 
Dept. Biochem., Univ. "Wis. Jour. Biol. Chem., No. 2: 333. 
1943. 

The eff’eet of 17 different metabolic inhibitors on the respiration of bull 
spermatazoa and the reversibility of the effect of these inhibitors is given. 
Cyanide, malonate and benzoate inhibit the respiration but not the glycolysis 
of the sperm and are toxic to motility only when glucose is absent. This is 
further evidence of the ability of 2 separate metabolic processes, i.e., oxida- 
tive and glycolytic, to furnish energy for motility of bull sperm. A.O.C. 

BUTTER 

65. There Will Always Be Quality. R. E. Eldred, The Great Atlantic & 

Pacific Tea Co., Chicago. Natl. Butter and Cheese Jour., 85, No. 1 : 
8, Jan., 1944. 

The customer today wants quantity rather than quality. Inferior cream 
and butter command the same prices as better prodnets. Some factors 
causing quality deterioration are: delays in cream pick-ups, farm labor 
shortage, relative prices for farm and dairy products, curtailment of edu- 
cational field work, discrepancies in official gradings, lack of food regulatory 
personnel, increased production of unsalted butter and differences of point 
values in farm and creamery butter. But quality has not been forgotten 
because critical customers are asking for better butter and the army, which 
is buying good table butter, is educating the tastes of more men. As normal 
trading conditions are resumed receivers will he more strict, the Pood and 
Drug departments will again do routine cheeking and the natural pride of 
butter makers will all tend to improve qn'ality. Large milk drying opera- 
tions will produce fine cream, some of which will be used for butter, and 
small operators may have to develop cooperative field services to compete 
with these larger concentrators. W.V.P. 

-66. Looking into the Future of Creamery Operations. H. E, Behlmer, 
Cherry-Burrell Corp., Chicago. Natl. Butter and Cheese Jour., 
34, No. 12 : 18. Dec., 1943 ; and 55, No. 1 : 36. Jan., 1944. 

Future efforts to improve quality and lower manufacturing costs will 
probably require changes in methods and machinery. Cream quality will 
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be improved by education of producers, development of better-equipped 
cream receiving units, and more efficient utilization of milk-solids-not-fat. 
Innovations in creameries ivill include: continuous butter manufacture 
witlioiit churns, more general use of the vacuum-type pasteurizer, better 
cooling practices, and coolers designed to control temperatures and deliver 
cream to churns instead of holding tanks. Other significant changes ex- 
pected are : greater use of stainless steel in vats, pipes, pumps and refriger- 
ating units, better sanitation, more general use of storage tanks instead of 
coil vats and the use of better lubricants. ’W.V.P. 

67. Determination and Content of Carotene and Vitamin A in Wisconsin 

Butter. S. Berl and W. H. Petersen, Dept. Bioehem,, Univ. Wis., 

Madison. Jour. Nutr,, 26 ^ No, 5: 527-538. Nov., 1943. 

A solvent extraction is described for the determination of carotene and 
vitamin A in butters, utilizing the yellow color of the carotene for its deter- 
mination and the Carr-Price reaction for the determination of vitamin A. 

Diacetoiie alcohol, 94%, proved to be superior to 92% methanol for the 
extraction of non-carotene pigments. 

Twenty-two samples of butter made during the week of March 23, 1942, 
by creameries in southwestern Wisconsin, and 20 samples of butter from the 
same creameries in July, 1942; and samples of butter made in September 
and January collected from various sections of Wisconsin were used in this 
study. 

The March butters averaged 9,500 I.U. ; the July and September butters 
18,000 I.U. ; and the January butters 10,500 I.U. per pound. In the summer 
butters about 75 % of the total natural butter pigment was found to be caro- 
tene, in the winter butters 60 to 65% of pigment was carotene. 

Storage of butter at - 22 to - 23° F. as long as 8 months did not result 
in a loss of carotene or of vitamin A. G.P.H. 

68. The Iron Content of Butter and Its Relation to the Butter Wash 

Water- J. B. Linneboe, Alberta Dept. Agr., Edmonton. Sei. 

Agr., 24, No. 2 : 64. 1943. 

Samples of butter from 146 churnings representing 27 creameries were 
analyzed for iron. The iron content of the wush winter from 26 of these 
creameries were also determined. 

The iron content of the butter ranged from 0.4 ppm. to 3.3 ppm. The 
butter possessing the low^er iron content tended to grade higher and there 
was also a tendency towards uniformity in the iron content of the butter 
from the same creamery, particularly the butter of first grade. 

The iron content of the wash water was shown to affect the iron content 
of the butter. Where portions of churnings were removed from the churn 
and washed with distilled wmter or natural water, low in iron, all the first 
grade butter contained less than 1.0 ppm. of iron. O.R.I. 
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69. Cottage Cheese from Soybean Curd? Anonymous. Milk Dealer, 33 ^ 

No. 3: 27-56. Dec., 1943. 

Following a description of making cottage cheese from soybeans’ milk, 
as released by Science Service, a survey of the possibilities of making a 
substitute cottage cheese by dairy plants is made. Methods of treating soy- 
bean milk to produce a curd comparable in many respects to regular cottage 
cheese made from skimmilk have been to culture milk with lacto-hacillus or 
soy acidophilus organism; to use an alkali (magnesium chloride) to coagu- 
late the soybean milk or to curdle the milk with a weak acid. A patent for 
manufacturing has been applied for by one dairy plant. The possibility of 
providing a substitute cottage cheese under existing shortages of skimmilk, 
which possesses some of the texture, flavor, acidity and moisture content 
characteristics of regular cottage cheese is discussed. C.S.T. 

70. Starters for Cheese Making. G. M. Moir, Dairy Chemist. New Zeal. 

Dept. Agr. Bui. No, 162. 

This bulletin brings together the more important research and practical 
observations on the making of starters as applied to cheese factory condi- 
tions in New Zealand. 

Starters are used to ripen the milk before renneting, to secure proper 
acidity during the making process, to restrain undesirable bacteria, and to 
aid in cheese ripening. The starter must contain the right bacteria, and no 
others, in active condition capable of developing acidity at the proper rate. 
The cultures in New Zealand are often pure strains of Sir, eremoris^ but 
usually Sir, lactis and Sir, cifrovorus are also present. 

Bacteriophage is a common cause of limited acid development. The 
phage infection usually occurs from the ^^whey frog” from a whey sepai’ator, 
from dust, or from contamination from phage-infected starters. Some other 
conditions that cause slow acid development are low temperatures of incu- 
bation, growth-retarding substances in the milk, aeration of the milk after 
pasteurization, and too small inoculation, but phage contamination is most 
important. 

The objection to excessive acidity (1.0-1.2%) in former years was due 
to poor starters. Actually 0.65-0.85% is quite satisfactory and overripen- 
ing is no longer so common due to use of proper bacteria. 

Special milk should be selected for starters. Special starter rooms in 
cheese factories are desirable. Several starters are preferred to one to 
assure against complete failure. Mother cultures are best carried in glass 
containers. Stress is given to cotton plugging the openings for inoculation 
for the main and mother starter and of flaming these openings when trans- 
fers are made to avoid phage contamination. Details of making the starters 
are given and the Whitehead and Cox vitality test is described. 
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It is pointed out that phages have not been troublesome in America and 
that mixed cultures are probably preferable to single strains to control phage 
difficulties. A.C.D. 


CHEI^IISTEY 

7L Modifications o£ the Swift Stability Test. E. W. RiEMENSCHNEiDEEy 
J. Turer, and R. M. Speck, Eastern Regional Res. Lab., U.S.D.A., 
Philadelphia, Pa. Oil and Soap, 20 , No. 9 : 169-171. Sept., 1943. 
An all-glass aeration tube for use in the accelerated method of determin- 
ing stability of fats was found to have several advantages over the rubber- 
stoppered test tubes. An improved air-distributing apparatus is also de- 
scribed. The capacity of the apparatus has been increased three-fold by the 
adoption of a procedure which permitted the use of only one tube for each 
test sample. 

Factors infliieiieing the peroxide values as determined by adaptation of 
Wheeler’s method were investigated. J.L.H. 

72. The Development of a Practical Antioxidant for Lard and Shorten- 

ing. A. Lips and W. D. McFarlane, Dept, of Chem., Macdonald 
College (McGill Univ.), Ste. Anne de Bellevue, Quebec, Canada. 
Oil and Soap, 20 , No. 10 : 193 - 196 . Oct., 1943. 

Wheat germ oil, extracted by means of ethylene dichloride and fortified 
with citric acid, was found to be an efficient antioxidant in lard and short- 
ening. The wheat germ oil supplied the phenolic type of antioxidant in the 
form of toeopherols and the citric acid, the acidic component necessary in an 
antioxidant intended for use in both animal and vegetable fats and oils. 

j.L.n. 

73. The Solubility of Gases in Butter Oil, Cottonseed Oil, and Lard, 

P. S. Schaffer and H. S. Haller, Bur. of Dairy Indus., U. S. D. A., 
Washington, D. G. Oil and Soap, 20 , No. 8 : 161-162. Aug., 1943. 
The solubility of hydrogen, oxygen, air, nitrogen, and carbon dioxide 
at 40° C. is slightly higher in butter oil than in cottonseed oil and lard. The 
solubilities of the above gases in butter oil at 40° C. and 60° C. are shown 
in the following table : 



Gas dissolved in 100 nil. butter oil 

it as 

! O 
o 

p 

60° a 


ml. 

ml. 

Oxygen 

14.2 

12.7 

-Nitrogen 

8.9 I 

7.9 

Hydrogen 

5.4 

6.8 

Air 

10.1 

9.6 

Carbon dioxide 

109,5 

91.0 


J.L.H. 
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74. The Application of the Ferric Thiocyanate Method to the Determi- 

nation of Incipient Rancidity in Fats and Oils. A. Lips, R. A. 
Chapman, and W. D. McFaelane, Dept, of Cliem., Macdonald Col- 
lege (McGill UiiiY.), Ste. Anne de Bellevue, Quebec, Canada. Oil 
and Soap, 20 , No. 11 : 240-241. Nov., 1943. 

A colorimetric method for determining fat-peroxides in whole milk pow- 
der, previously reported by the authors, has been modified for use in fats 
and oils. The method is based on the oxidation of ferrous to ferric iron by 
the peroxides present in oxidized fats. The ferric iron is determined as 
ferric thiocyanate; the intensity of the color being measured with a Cole- 
man spectrophotometer set at 485 mp. J.L.H. 

75. A Rapid Test for Alpha Dicarbonyls. L. O’Danied and L. B. Par- 

sons, Res. Dept., Lever Bros. Co., Cambridge, Mass. Oil and Soap, 
20 , No. 4: 72-74. Apr., 1943. 

When alcoholic caustic potash is added to auto-oxidized fats and oils 
more or less highly-colored solutions are formed, the color depending upon 
the type of fat and the extent of oxidation. The color is probably due to 
quinoid compounds formed by aldol condensation of alpha-diketones in a 
manner analogous to the formation of para-xyloquinone from diacetyl. 
Linoleic and possibly linolenic acids or esters are undoubtedly the source 
of the quinoid compounds. A rapid test for alpha dicarbonyls in fats and 
oils is described. J.L.H. 

76. The Antioxidative Behavior of Vegetable and Animal Fats. Calvin 

Golumbic, Bio-Chem. Lab., State Univ. of Iowa, Iowa City. Oil 
and Soap, 20 , No. 6 : 105-107. June, 1943. 

Aiitoxidizing animal fats exhibit a well-defined induction period, the 
end of which coincides with the development of oxidative rancidity. Vege- 
table fats, however, do not have a sharply defined induction period and they 
show oxidative rancidity before the i^eriod of relatively rapid oxygen uptake 
and peroxide formation. 

A kinetic study of the oxidation of tocopherol during the induction 
periods of animal and vegetable fats yielded information on possible causes 
of the differences in the induction periods. The oxidation of tocopherol in 
both fats is accompanied, in the early stages, by the formation of toeoqui- 
iiones. In animal fats the complete disappearance of added tocopherol 
marks the end of the induction period and the beginning of organoleptic 
oxidative rancidity. 

Chroman, -5, 6-quinones appear during the course of the induction 
period of autoxidizing vegetable, but not animal fats. These 0-quinones, 
derived from unknown precursors, are antioxidants and their relatively slow 
oxidation rate as compared with tocopherol permit them to ^et after the 
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disappearance of tocopherol. This action offers an explanation for the 
absence of sharp indtietion periods of vegetable fats. 

Tocopherols are deereasingly effective as antioxidants when employed at 
higher levels. This accounts for the previously recognized ineffectiveness 
of tocopherols and inhibitol concentrates when added to vegetable fats. 

J.L.H. 

77. Estimation of Vitamin A in Food Products. Bernard L. Oser, 

Daniel Melnick, and Morton Pader, Food Res. Labs., Inc., Long 

Island City, N. T. Jonr. Indus, and Engiii. Chem.. Analyt. Ed., 
No. 12:724. Dee., 1943. 

Modification of the antimony trichloride method for determination of 
vitamin A in food products, including dairy products, was made. Correc- 
tions are allowed for the presence of inhibitors of the color development, for 
temperature effects, for variations in the reagent, for turbidities produced 
in the course of the color development, and for extraneous color present in 
the final test solution. The unreliability of the direct spectrophotometric 
method for the assay of foods is demonstrated. The reaction of carotene 
with antimony trichloride was studied. B.H.W. 

78. Factors Affecting the Stability of Cottonseed Off, A Study of the 

Antioxygenic Activity of Alpha-Tocopherol. C. E. Swift, W. G. 

Rose, and G. S. Jamieson, Bur, of Agr. Chem. and Bngin., 

U.S.D.A., Washington, D. C. Oil and Soap, No. 10 : 176. 1942. 

The results secured suggest that the antioxygenic activity of the toco- 
pherols is due to their reactivity towards the active peroxides. The rate and 
extent of peroxide accumulation during the induction period was found to 
be dependent on the tocopherol content of the oil. The tocopherols function 
most effectively at lower levels of concentration and with decreasing effi- 
ciency at higher levels. Small amounts of the cephalin fraction markedly 
retarded the rapid initial rate of oxidation of a-tocopherols. This effect 
demonstrates the synergism of an ^‘acid-type’’ substance acting with a 
“phenolic-type/^ antioxidant. J.L.H. 

79. The Oven and Aeration Methods as Means of Accelerating Fat Oxi- 

dation. P, C, Ewbank and I. A. Gould, Dept, of Dairying, Mich. 

State Col., East Lansing, Mich. Oil and Soap, 19 ^ No. 12: 205. 

1942. 

A comparison was made of the aeration and hot oven methods of accel- 
erating butter oil oxidation at 100° C. The i*ate of peroxide formation was 
used in determining the induction period ; a peroxide value of 5 being arbi- 
trarily chosen as the end of the induction period. The two methods were 



CONCENTRATED AND DRY MILK; BY-PRODUCTS 


A39 


found to be equally reliable when careful teeliiiiqiie was employed and 
where the influence of certain variable factors were controlled. With the 
oven method especial attention must be given to temperature control, air 
agitation and arrangement of the samples in the oven if uniform results are 
to be obtained. The oven method gave a shorter induction period than the 
aeration method but the extent of oxidation over a relatively long period 
was less. J.L.H. 

80. The Antioxygenic, Action of Phosphoric Acid in Association with 

Tocopherols and Hydroquinones. Calvin Golumbig, Bio-Chem. 

Lab., State Univ. of Iowa, Iowa City, la. Oil and Soap, 19, No. 10 : 

181. 1942. 

Phosphoric acid was found to retard the oxidation of tocopherol in au- 
toxidizing fats and thus to increase its antioxygenic activity. The stabiliz- 
ing capacity of hydroquinones was likewise found to be increased by small 
amounts of phosphoric acid. The data secured suggest that this synergistic 
action is due to the shifting to the left, of the hj" droquinone ?:± quinone 
equilibrium. The tocohydroquinone toeoquinoiie equilibrium is a special 
case of this relationship in which phosphoric acid also catalyzes the cycliza- 
tion of tocohydroquinone to tocopherol, thus regenerating the antioxidant. 

J.L.H. 

81. Vitamin A Added to Fats as Related to Stability During Baking. 

E. E. Rice, H. C. Black, G. T. Carlin, and H. E. Robinson. Swift 

& Co., Chicago, 111. Oil and Soap, 19, No. 9 : 164. 1942. 

The Carr-Priee color reaction and U.S.P. bio-assays were used to deter- 
mine the stability of vitamin A in vaxuous types of baked goods prepared 
with fats fortified with vitamin A. In bread, biscuits and cake which are 
relatively low in fat and baked under moderate conditions it appears that 
80 to 100% of the vitamin survives the baking process. When the fat con- 
tent is higher and the baking conditions more severe as in pie crust, consid- 
erable vitamin A destruction is likely to occur depending on the extent of 
the baking. J.L.H. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

82. The Nitrogen Distribution in Dried Milk. TJ, S. Ashworth and 

Harris 0. VanOrden, Div. of Dairy Hus., Agr. Bxpt Sta., Pull- 
man, Wash. Jour. Milk TeehnoL, 6, No. 5: 272. Sept.-Oct., 1943. 

Samples of spray-dried skimmiik were analyzed to determine whether 
the nitrogen distribution differed from that of normal skimmiik. 

The results obtained when calculated to a moisture-free basis were found 
to agree very well with those reported in the literature for fresh skimmiik 
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witli the exception of the albiimm-plus-giobiilin fraction. Out of 32 sam- 
ples tested only four contained measurable amounts of this fraction. The 
amount found, no doubt, was associated with the heat treatment that the 
samples received prior to drying. L.H.B. 

83. A Laboratory Spray Drier. A. H. TV'oodcock and H. Tessier, Natl. 

Res. Labs., Ottawa. Canad. Jour. Res., A, No. 9 : 75. 1943. 

A laboratory model of a cyclone-type spray drier which in operation has 
produced dried milk and dried egg of good commercial quality is described. 
The main drying chamber is an inverted cone 2 feet in diameter and 5 ft. 
2 ill. in height made of galvanized metal and covered with insulating mate- 
rials. Adjustments are provided for inlet air temperature, total air flow, 
angular velocity of air in the drying chamber, quantity of liquid introduced, 
and spraying technique. The air is supplied by a fan similar to the type 
used in a large household vacuum cleaner and is heated by a thermostati- 
cally controlled, 5000-watt electric element. The maximum capacity is 
about four liters of liquid per hour. O.R.I. 

DISEASE 

84. Newer Methods for the Control of Bovine Mastitis. 6. E. Spencer, 

Dept, of Vet. Sei., Univ. Wis. Milk Dealer, ^ No. 1: 52. Oct., 

1943. 

To control the spread of mastitis by the dairyman, the infected animals 
must be spotted’’ ^^by the strip cup and the Hotis test.” Both tests are 
needed to determine both new or carrier” cows. Segregation is recom- 
mended in lieu of slaughter at the present time as a means of preventing 
spread of infection. Segregated animals should be milked and handled by 
special personnel if possible, and if not, every sanitary precaution exercised 
to prevent spread of infection such as reduced feeding to facilitate treat- 
ment ; thorough milking of all quarters ; avoidance of teat injuries and spe- 
cific medicinal treatment to cure and reduce extent of infection, are recom- 
mended as control measures. C.S.T. 

85. Production and Prevention of Bloat in Cattle on Alfalfa Pasture. 

H. H. Cole, S, W. IVIead, and W. M. Regan, Univ. Calif., Davis, 

Calif. Jour. Anim. Sci., A No. 4 : 285-294. Nov., 1943. 

Bloat was produced at will in dairy cows by depriving them of hay and 
bedding for at least 48 hours and pastured on thick stands of immature 
alfalfa that was 8 to 14 inches high. A thick stand makes possible rapid 
ingestion. It was necessary to use pastures free from weeds and contami- 
nating grasses. Cows tend to select considerable amounts of coarse, seem- 
ingly unpalatable weeds whex'e succulent alfalfa is abundant. 
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The availability of the water in the pasture did not affect the incidence 
of bloat. The feeding of alfalfa hay reduced the incidence and severity of 
bloat but was not completely effective. Bloat was effectively controlled on 
alfalfa pasture by feeding Sudan hay in the corral or in the pasture. Also, 
pasturing on Sudan at night before placing the cows on alfalfa pasture 
appeared to be an effective means of controlling bloat. Cows ruminated 
only one-half as much on alfalfa pasture as on Sudan pasture. Apparently 
both rumination and belching are readily induced by Sudan because of 
scabrous leaves. C.F.H, 

86. A Cheese-Borne Epidemic of Typhoid Fever. Jacques Gauthier and 

A. E. Foley, Min, of Health and Soe. Welfare, Quebec. Caiiad. 
Jour. Pub. Health, 34 ^ No. 12 : 543. 1943. 

An outbreak of typhoid fever which resulted in 40 cases and six deaths 
is described. Evidence indicated that milk supplied to the cheese faetoiy 
became contaminated from a carrier working on a farm. The cheese was 
of the Cheddar type and was consumed when about ten days old. Butter 
made in the same factory from pasteurized cream was not incriminated. In 
addition to the control measures taken the following recommendations are 
made : 

1. Early notification of each case of enteric fever. 

2. General check-up of typhoid carriers. 

3. Pasteurization of the cheese milk or at least the holding of the product 

for a three-month period before consumption. O.E.I. 

87. Effects of Disease on Nutrition. I. Absorption, Storage, and Utili- 

zation of Vitamin A in the Presence of Disease. Samuel Spec- 
tor, Charles F. McKhann, and Emily R. Meserve, Dept, of Ped, 
and Communicable Dis., Univ. of Mich. Med. School, Ann Arbor, 
Mich. Ainer. Jour. Dis. Children, 66, No. 4: 376-395. Oct., 1943. 

This paper is a review of the effects of disease on absorption and utiliza- 
tion of vitamin A. Most of the data cited were obtained with human sub- 
jects, and the review has been made from the viewpoint of human medicine. 
The effects of several pathological conditions are discussed, which includes 
jaiiiidiee, celiac syndrome, cystic fibrosis of the pancreas, infection, cirrhosis 
of the liver, valvular lesions of the heart, malignant neoplastic tissue, dis- 
orders of the thyroid, and allergy. 

It is pointed out that malnutrition may be the result of organic dis- 
turbances within the patient. For example, during infections there devel- 
ops rather regularly a decrease in the ability of the intestinaFtract to absorb 
carotene and vitamin A. This decreased absorptive power occurs even with 
infections that do not primarily involve the gastrointestinal tract. 

It is not possible to make a complete review of this article, as it in itself 
is a review. Sixty-two references are given. R.K.W. 
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FEEDS AND FEEDING 

88. Feeding Standard Equation for Cows and Goats in Milk. W. L. 

Gains, Uiiiv. 111., Urbana, 111. Jour. Aiiim. Sci., A No. 4: 304-313. 
Nov., 1943. 

Tbe precision data used in tliis investigation were reported in the litera- 
ture from the Penns^dvania Agricultural Experiment Station. One hun- 
dred seven observations on 10 cows were used in the formulation of a stand- 
ard equation for lactatihg cows. The feeding standard equation for the 
milking cow is as follows : 

DN = 0.008 W -r 0.3 P.C.M., in which DN daily digestible nutrients 
intake in pounds, W = live weight in pounds, P.C.M. == daily milk-energy 
yield in pounds 4% milk. C.F.H. 

89. Studies on the Alimentary Tract of Merino Sheep in South Africa. 

VI. The Pole of Infusoria in Ruminal Digestion with Some Re- 
marks on RuminaT Bacteria. J. 6 . Van der Wath and S. J. 
Myburgh, Section of Biochem., Ondenstepoort, Pretoria, South 
Africa. Onderstepoort Jour. Vet. Sei. and Anim. Indus., 17 ^ Nos. 
1& 2: 61-85. Oct., 1941. 

A technique is described for the preservation and counting of ruminal 
infusoria. 

The changing of the ration of sheep from alfalfa and corn to corn alone 
resulted in extinction of the large type of infusoria and a reduction of all 
types following the cessation of rumination. Appetite of the sheep was 
adversely affected. A ration of wheat straw alone resulted in the starva- 
tion of ruminal infusoria. The addition of corn to the wheat straw resulted 
in a marked increase in the number of infusoria. The feeding of green 
alfalfa only brought about a reduction in the number of infusoria. 

Season fluctuations of ruminal, infusoria of grazing sheep are described. 
The amount of protein in pasture had a sigiiifieant influence on the density 
of the infusoria population. 

The rate of digestion of fine yellow corn meal by starved infusoria in the 
rumen was studied. Yellow com particles were found in the infusoria one 
minute after being placed in the rumen. Disintegration of corn particles 
was observed within the infusoria. The so-called glycogen granules ob- 
served within the plasma of the infusoria were shown to be glycogen- 
synthesizing bacteria. The food and bacteria ingested by the infusoria were 
digested by enzymes secreted by the bacteria present. In an experiment 
where the infusoria and bacteria were destro.yed by feeding copper sulphate 
and the rumen inoculated with starch-digesting bacteria, it was shown that 
infusoria are not necessary for starch digestion. 
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Infusoria engulfed particles of cellulose. Tlie digestion of cellulose 
within the body of the infusorium is primarily due to cellulose’digesting 
bacteria ingested by the infusorium. G.F.H. 

90. Brown Silage from Atlas Sorgo — Chemical Composition and Appar- 

ent Digestibility as Determined by Feeding to Dairy Cows. 

H.- E. Bechtel, F. W. Atkesox^, and J. S. Hughes, Ivans. Agr. 

Expt. Sta., Manhattan, Ivans. Jour. Aiiim. Sci., 2 , No. 4: 295-303. 

Nov., 1943. 

Chemical analyses of five browm silage samples and one sample of high 
moisture chopped brovni fodder were compared with those of noi^mal green 
Atlas sorgo silage. Three silages were used in digestion trials. (1) Nor- 
mal green silage from a wire and roofing paper silo in which maximum 
temperature during storage was 92° F. (2) Brovm silage from sorgo 
bundle silage in wdiich the maximum temperature during storage was 141° 
F. (3) Brown silage from a straw bale silo in which the maximum tem- 
perature during storage was 147.5° P. 

The chemical analyses showed no appreciable difference between the 
brown and normal silages except for carotene and possible ash. The amount 
of carotene in the brown (high temperature) silages was very low. 

There was a marked decrease in the coefficients of digestibility for all 
nutrients except ether extract in the brown silage. The degree of digesti- 
bility appeared to depend on the maximum temperature during storage. 
Protein w^as most affected, the apparent digestibility averaged 55% for nor- 
mal silage, 23 and 4% for the two brown silages. 

Brown silage was less palatable than normal silage. C.P.H. 

91. Biological Methods of Measuring the Protein Values of Feeds. H. H. 

Mitchell, Div. Anim. Nutr., Univ. 111., Urbana, 111. Jour. Anim. 

Sci., A No. 4 : 263-277. Nov., 1943. 

The evaluation of biological methods of measuring the protein values of 
feeds is discussed. Conditions considered essential in measuring protein 
values of feeds are as follows : 

1. The measurement of protein utilization hy studying the nitrogen 
economy of the animal. 

2. The measurement selected must involve the use of dietary protein in 
maintenance as well as in production. 

3. The imposition of comparable levels of protein feeding. 

4. The control of the food intake of comparable animals, which generally 

means the equalization of food consumption. C.P.H. 

92. Feeding Dairy Stock in Wartime. H. S. WiniiAED. Wyo. Agr. Expt. 

Sta. Bui. 263, 19 pages. 

Although an experiment station publication this is primarily an exten-- 
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sioii bulletin. Information is furnished on the use and importanee of hay 
and pasture in dairy produetioUj correct apportionment of grain allowances 
under differing conditions, grain mixtures suitable for feeding with differ- 
ent kinds of roughage, and wartime production of dairy calves and heifers. 
Several tables are included for the guidance of the stockman. J.G.A. 

93. The Influence of Dietary Fat of Varying Unsaturation on the Com- 

ponent Acids of Cow Milk Fats. T. P. Hilditch, Dept, of Indus. 

Chem., Univ. of Liverpool, and H. Jasperson, Ees. Dept., Messrs. 

J. Bibby and Sons, Ltd., Liverpool. Biochem. Jour., 37 , No. 2: 

238-243. 1943. 

In most feeding trials wherein different oils or fats have been fed to 
dairy cows the results have been interpreted from the over-all or gross 
change in the degree of saturation of the butter fat produced, but in this 
particular study an attempt was made to differentiate between the com- 
ponent fatty acids responsible for this gross change. 

Fifteen cows were divided into five groups and fed (1) a basal diet ; (2) 
basal diet plus peanut oil which is highly unsaturated, having an I.v. (iodine 
value or iodine number) of 88; (3) basal diet plus partially hydrogenated 
peanut oil having approximately the same I.v., 45, as soft butter fat; (4) 
basal diet plus hydrogenated peanut oil which was almost completely sat- 
urated — I.v. of 17 ; and (5) basal diet pins palm kernel oil which is natu- 
rally highly saturated, I.v. of 17. 

Groups (2) and (3) produced butter fat with an increased amount of 
oleo-glycerides and a decrease in the butyric to caprylic glycerides. Group 
(5) produced butter fat with the lauro-glyeerides three-fold greater and 
myristo-glycerides 20% greater than the control, but the oleo- and palmito- 
giyeerides showed a slight decrease. Group (4) receiving the highly hy- 
drogenated or saturated peanut oil gave butter fat more nearly like the 
control group in its composition. This is explained on the basis that about 
* half of the fat fed was so completely saturated that its melting point was 
above the body temperature of the cow and so was not assimilated. It is 
interesting to note that although the fats fed to groups 4 and 5 had the same 
I.v. they produced butterfats of quite different detailed fatty acid composi- 
tions. Peanut oil normally contains about 20% of the unsaturated acids, 
linoleic, arachidic, and lignoceric acids, but these did not pass into the but- 
ter fat. It seems that the mammary gland has a selective action in the 
absorption of oleic (as distinct from linoleic) acids. 

A good review of previous work is given. A.O.C. 

94. The Utilization of Urea in the Bovine Rumen. 1. Methods of Analy- 

sts of the Rumen Ingesta and Preliminary Experiments in Vivo. 
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K. M. Peakson and J. A. B. Smith, Hannah Dairy Res. Inst., Kirk- 
liill, Ayr, Seotiand. Biocliem. Jour., B7^ No. 1 : 142-148. 1943, 

^ ^ The relative merits of trichloroacetic acid, sodium tungstate with sul- 
furic acid, and alcohol have been compared as preeipitants in the estimation 
of non-protein-nitrogen in rumen ingesta. A description is given of the 
methods finally adopted for the estimation of non-protein-nitrogen, urea and 
ammonia. ’ ' 

Samples of the rumen ingesta were taken for analysis from the rumen 
fistula of a steer, but the authors concluded that there were so many diffi- 
culties involved in the in vivo experiments, especially the fact that it was 
practically impossible to secure a representative samj>le, that “the results 
of in vivo experiments of this type cannot be regarded as supplying evidence 
either for or against the theory that urea is converted to protein in the 
rumen,” and because of this, they state that in vitro methods would be more 
reliable. A.O.C. 

95. The Utilization of Urea in the Bovine Rumen. 2. The Conversion of 

Urea to Ammonia. R, M. Pearson and J. A. B. Smith, Hannah 
Dairy Res. Inst., Kirkhill, Ayr, Scotland. Bioehem. Jour., 57, 
No. 1:148-153. 1943. 

Samples of rumen ingesta taken from the gastric fistula of a steer were 
used in making in vitro studies of its action on urea. 

All of the urea which would evfer be likely to be fed to a cow will be con- 
verted to ammonia within an hour. 

The urease preparation derived from the rumen was found very similar 
to the ureases from soya or jack beans in its behavior to temperature, pH 
and inhibitors. Preliminary attempts to obtain enzyme preparations free 
from bacteria proved unsuccessful. A.O.C. 

96. The Utilization of Urea in the Bovine Rumen. 3. The Synthesis and 

Breakdown of Protein in Rumen Ingesta. R. M, Pearson and 
J. A. B. Smith, Hannah Dairy Res. Inst., Kirkhill, Ayr, Scotland. 
Bioehem. Jour., 57, No. 1 : 153-164. 1943. 

The liquid rumen contents taken from a gastric fistula of a steer were 
studied in vitro. In order to avoid any appreciable change in the “micro- 
biological picture” incubation periods of only 2 to 4 hours were used. Urea 
was added to the liquid before incubation. Most all of the non-protein 
nitrogen was made up of urea and ammonia. Synthesis of protein appeared 
to occur to the extent of about 9 mg. N/lOO gins, rumen liquid. While the 
total nitrogen remained constant, there was a decrease in the non-protein 
nitrogen accompanied by a parallel decrease in the ammonia, suggesting 
that the protein synthesis was from ammonia rather than from urea. This 
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conversion of amnionia to protein is thouglit to be microbiological in nature. 
Accompanying tlie protein synthesis is a protein breakdown — and either 
may predominate depending upon the general conditions or the substances 
present. xi.O.C. . 

97. Urea as a Partial Substitute in the Feeding of Dairy Cattle. E. C. 
Owen, J. A. B. Smith, and N. C. Wright, Hannah Dairy Ees. Inst., 
Kirkhill, Ayr, Scotland. Bioehem. Jour., 37, No. 1 : 44^53. 1943. 

Results are given for feeding trials with seven laetating Ayrshire eows 
over a period varying from 100 to 160 days wherein a third of the nitrogen 
of the feed was given in the form of urea and then substituted for an equal 
amount of nitrogen in the form of blood meal. 

“The nitrogen balance and excretion data show that, although urea 
was partially retained by all the animals, its retention was not complete. 
Compared with blood meal, amounts varying from some 12 to 47% and 
averaging 25% of the ingested urea apparently jiassed through the animal 
without being utilized. This apparent w'astage was much reduced when 
urea feeding was preceded by a period in which the diet had been deficient 
in total nitrogen. 

“The milk yields of five of the seven animals were -well maintained 'when 
blood meal was replaced by urea. With four of the five cow^s under test a 
rapid and significant decrease in milk yield took place when urea was 
removed from the food.’’ 

Data for milk yield, body w'eight and nitrogen balance are given for 
the periods. There were no significant differences in the composition of 
the milk. A.O.G. 


FOOD VALUE OF DAIRY PRODUCTS 

98. Dairy Products in the Wartime Dietary. H. H. Mitchell, Prof, of 
Anim. Nutr., Univ. of 111,, Urbana, 111. Milk Dealer, 32, No. 10 : 
28-30, 78-80. July, 1943. 

Despite the fact that milk supplies a generous amount of essential nutri- 
ents, its value is in the variety of ways it may be used to serve different 
purposes on man’s menu. The processing of milk into the wide variety of 
products to which it lends itself show the changes even in nutritive value 
to which it is adapted. As an example, Limburger cheese may increase 
two to three times in pantothenic acid, niacin and biotin due to the curing 
process. Fortified oleomargarine and butter are compared nutritionally. 
The author deplores the advent of the role medical men are taking in formu- 
lating nutritional policies to the exclusion of scientific research, since to 
the medical profession nutrition “is only one of a number of fields of inter- 
est” and therefore lead to deductions not subscribed to by trained nutri- 



FOOD VALUE OF DAIRY PRODUCTS 


A47 


tionists. Tlie fortification of bread with vitamins and tlie possible exclusion 
of inilk-solids-not-fat is cited as an undesirable 'pi*oeediire since 6% of skim 
milk powder added to bread ‘‘improves the growth-proiuoting and bone 
calcifjfiiig value of the bread much more than does its enriclinient with the 
official proportions of thiamin, niacin, and iron/’ Skim milk powder would 
improve the nutritive value of all bread. The shift to greater sale and use 
of whole milk from the farm as a wartime need is discussed in its relation- 
ship to supplanting skim milk for animal feeding purposes which “would 
raise serious obstacles in the production of pork, i^oiiltry and eggs ’ ’ were it 
carried to an extent recommended by some economists. The efficiency of 
the daily cow in converting concentrate grain into milk of greater nutritive 
value than the grain consumed is given as 70% as compared with the 72 to 
75% efficiency of the rnUler converting wffieat into patent flour of low^er 
nutrient value than the wffieat processed. C.S.T. 

99. Dairy Research and Human Nutrition. 0. E. Reed, Chief of Bur. of 
Dairy Indus., Agr. Res. Admin., U.S.D.A., AA^asliington, D. C. Milk 
Dealer, 32, No. 12 : 35, 78-88. Sept., 1943. 

Research in human nutrition is responsible for increased emphasis on 
the nutritive quality of food supplied to both our armed forces and civilians 
in this war, whereas quantity of food only was stressed in the last war. 
Dairy and animal research since the last war has made available informa- 
tion on what is needed to supply human nutritional needs, as to the kind 
and amount of nutrients required to maintain health, and the effect of lack 
of certain essential nutrient substances upon physical development. Re- 
search and surveys conclusively reveal the high place of milk as prerequi- 
site for nutrition and health in the diet. The United States produces enough 
milk to provide a quart of milk per day per individual, hut unfortunately 
we do not consume that quart in its entirety but instead utilize only the 
cream, the butterfat or the curd to the detriment of our nutritional welfare. 
The author traces the historical growth of the butter and cheese industry 
and inventions which made possible the complete utilization of the milk as 
it comes from the cow. The era of vitamins starting in 1912 and 1913 as 
the result of research gave an impetus to use of all the milk as well as to 
the respective merits of different vitamins. Nutritional research on vitamin 
A content of butter was started in 1941 and 23 states are cooperating in this 
nutritional survey. The “wealth of essential nutrients below the cream 
line” is likewise being studied. The study of the proteins, milk sugar and 
inorganic salts of milk hut substantiate the importance of the nutritional 
role such ingx*edients play in an adequate diet, over and above the role 
vitamins of milk play. The role of still other constituents of milk wherein 
a growth factor has been shown is being studied and “every nutritive essen- 
tial that w^e have discovered to date has been found to exist in the milk of 
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the COW. ...” Dairy products and good nutrition are inseparable. Good 
nutrition is fiiiidameiital for the physical, economic and moral progress of 
our people.” By marketing the entire output of the dairy cow the dairy 
industry can best contribute to that progress. C.S.T. 

100. War Needs Teach Nutritional Value of Milk to British Consumers. 

George Walworth. Milk Dealer, 33 , No. 3 : 32-33. Dee., 1943. 

Previous to the war, British fluid milk consumption avez*ag*ed only one- 
third pint per day per capita, and efforts to subsidize milk for school chil- 
dren and general use largely failed. With the advent of war, however, 
the need for adequate nutrition and the recognition of milk as a basic food 
to prevent malnutrition of mothers, children and low-income groups was 
recognized by the British Government, and its distribution to such groups 
was subsidized and rationed on a preferential basis. The postwar effect 
of the recognition of the valuable nutritional role of milk and dairy products 
to the British consuming public should result in increased sale of all such 
products and serve as ‘Ghe finest investment a government can make for 
the health and welfare of its people.” C.S.T. 

101. The Ratio of Ascorbic Acid, Riboflavin and Thiamine in Raw and 

Pasteurized Milk. A. D. Holmes, C. P. Jones, A. AV. AVertz, and 

J. AA^. Kuzmeski, Mass. Agr. Expt. Sta., Amherst, Mass. Jour. 

Niitr., 26 , No. 4 : 337-345. Oct., 1943. 

Composite milk from a herd consisting of 18 Ayrshires, 13 Guernseys, 
18 Holsteiiis and 11 Jerseys, collected during January, February and March 
was used in this study. The milk was held at 40° P. for an average of 10 
hours prior to pasteurization in a stainless steel vat, pasteurized by the hold- 
ing process for 30 minutes at 143-145° F. 

The ascorbic acid content of the raw milk ranged from 14.0 mg. to 22.5 
mg. and averaged 19.7 mg. per liter ; after pastenrization, the extreme values 
were 7.0 mg. and 19.1 mg., with an average value of 15.9 mg. per liter. The 
loss of ascorbic acid during pasteurization was 18.3%. 

The riboflavin content of the raw milk varied from 1.35 mg. to 1.75 mg. 
and averaged 1.51 mg. per liter. The corresponding riboflavin values for 
the pasteurized milk w^ere 1.19, 2.06, and 1.48 mg. per liter, respectively. 
The loss of riboflavin during pasteurization was only 2%. 

The thiainine content of the raw milk varied from 0.29 to 0.35 mg. and 
averaged 0.33 mg. per liter ; after pasteurization, the extreme values were 
0,21 and 0.34, and averaged 0.30 mg. per liter. The loss of thiamine during 
pasteurization was 9.1%. C.P.H. 

102 . The Application of Chromatography to the Study of the Carotenoids 

of Human and Cow’s Milk. S. Y. Thompson, S. K. Kon, and 
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E. H. Mawson, Natl. Inst, for Res. in Daily ing, Univ. of Reading^ 
England. Abstracts of papers read at the Proe. of the Bioehem. 
Soc., Nov. 7, 1942, London. Bioehem. Jonr., 86 , Nos. 10, 11 & 12 
(combined) : xvii. 1942. 

The authors ‘^have chromatographed numerous samples of human milk 
fat and have found that (3-earotene contributes from 20 to 25% or even less 
of the total absorption at 451 m{j. In the majority of samples examined a 
pink band lies above that of p-earotene, ehroniatographically homogeneous 
with and showing the same absorption curve as crystalline lycopene, obtained 
from tomatoes. 

^ Shorthorn butter fat showed no lycopene zone. ... In Guernsey fat 
there were three absorption zones between those of j3-carotene and xantho- 
phylls, one of which was pink and occupied the lycopene position. When 
80 pounds of fresh tomatoes were given to a Guernsey cow during 6 days, 
the intensity of these zones rose from 4 to 16% of the total absorption. The 
pigment was identified as lycopene. In Guernsey milk p-carotene forms a 
smaller proportion of the total pigments than in Shorthorn niilk.^’ 

A.O.C. 


HERD MANAGEMENT 

103. Dairy Management Problems. Earle L. Moppitt, Penn. State Col- 

lege. Milk Dealer, 32 , No. 11 : 32, 66-67. Aug., 1943. 

Stating ^^that 95% of the success in operating a farm comes from the 
thought or headwork put into the business,” the author stresses the factors 
essential for financial success. The need of accurate farm records, the use 
of the data such records reveal, and the careful account of all details mark 
the difference between success and failure. Farm management studies made 
by the Pennsylvania State College are cited that show that unless yearly 
farm sales equal at least 25% of the total farm investment, there is practi- 
cally no chance to show a yearly profit. Values of $15 to $18 per acre of 
crops on a general farm and $25 to $35 per acre of crops on special farms 
are given as goals to attain if a profit is to be assured. Details of dairy fax'm 
management are itemized and the proper balance to maintain in accord with 
proven practices are cited. The need of proper allocation of time and effort 
to each phase of farm management is pointed out. C.S.T. 

ICE CREAM 

104, Dried Whole Egg Powder, VI. Effect of Storage Temperature and 

Gas Packing on Keeping Quality. W. Harold White, M. W. 

Thistle, and Margaret Reid, Natl. Res. Labs., Ottawa. Canad. 

Jour. Res., D, 21 , No. 9 : 271. 1943, 

Dried whole egg powders were obtained from three different manufac- 
turers and stored at temperatures of 45°, 60°, 75° and 90° P. for periods up 
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to six iiioiitlis. Quality was assessed by deterniiiiatioii of fluorescence and 
potassium chloride values. At 75° F. the rate of deterioration was compara- 
tively rapid and at 90° F. it wms markedly so. To maintain -quality during 
storage dried egg should be stored at a temperature of 60° F. or lower. 

The effect on keeping quality of packing in nitrogen^ carbon dioxide, 
under vacuum, or in the form of e'ompressed tablets was studied. Carbon 
dioxide alone had beneficial effect. O.R.I. 

105. Dried Whole Egg Powder. VII. Effect of Temperature and Mois- 

ture on the Bacterial Content of Liquid and Dried Egg. N. E. 

Gibbons and C. 0. Fulton, Natl. Kes. Labs., Ottawa. Canad. Joiir. 

Res., No, 10:332. 1943. 

The bacterial content of liquid egg increased rapidly after about 6 hours 
at 68° F., 12 hours at 60° F., 25 hours at 52° F. and two or three days at 
45° F. At 38° F. there was little change for five or six days, followed by 
a very gradual increase. 

The bacterial content of the dried egg powder was influenced by the 
number of bacteria in the melange, the drying temperature, the rate of cool- 
ing, the storage temperature and the moisture content. Low drying tempera- 
ture and rapid cooling of the powder favored survival. On storage the bac- 
terial mortality increased with increasing time and temperature. Up to 
8.6%, moisture content had little effect on bacterial survival'. At moisture 
levels above 5% there was an increase in the number of molds, particularly 
at 75° and 90° F. O.R.I. 

106. Acid Standardization. A. D. Burke, Ala. Polytechnic Inst., Auburn, 

Ala. Ice Cream Field, 48 ^ No. 3 : 64. 1943. 

Early in the history of the ice cream industry it was considered good 
practice to * ^ ripen ice cream mixes and that a ^Oiveiy’’ mix wms believed 
to be the secret of good wdiipping, high yield and smooth-bodied ice cream. 
Experimenters early proved the fallacy of this concept and further showed 
that aging had little advantage beyond 24 hours. 

The practice of adding certain salts to ice cream mixes as a basis of 
controlling mix viscosity, the author considers was the start of acid stand- 
ardization. Five objections to ^‘neutralization” are given hut the author 
concludes that there are conditions which justify acid standardization or 
^ ‘ neutralization. ’ ’ 

Advantages listed for acid standardization ai-e as follows: (1) provides 
uniform control of viscosity, (2) aids in whipping properties of high acid 
mixes, (3) improves melt down qualities of high acid mixes, (4) it helps 
intensify the apparent sweetness and (5) it may he of some benefit in 
retarding sandiness. 



ICE CREAM 


A51 


The author warns against over neutralization but considers it safe to 
reduce the acidity of ice ci^aiii mixes to about 0.189c. He suggests the fol- 
lowing basis of calculating the correct value for acid standardization : 

{ desired 
standardized 
acidity 

Directions are given for ^ Aieutralization’’ dependent upon -weight of mix^ 
its original acidity and the neutralizer used. W.G.C. 


Serum solids of mix 


Serum solids of milk 


107, Bugaboo of Barriers. Harold F. Pierce, London, 
Cream Field, 43 , No. 3 : 42. 1943. 


Ontario. Ice 


Many of the practices necessitated by the war have been beneficial to the 
ice cream industry of Canada. Costs have been reduced because of territory 
exchanges, reduced dealer service and cabinet repairs as well as marked 
reduction in advertising it is claimed. Hope is expressed that certain of the 
advantageous practices will continue after the war. 

‘‘Bootlegging’’ has been a minor problem. Strict adherence to quotas 
has been practiced. Cereal substitutes for dried milk have been used and 
sugar substitutes such as honey and corn syrup are official^ tabooed. Glu- 
cose, although still allowed, is practically unavailable. 

Kegret is expressed that advertising has been so drastically reduced. 
The author concludes that except for the question of good-will building, 
dealer supervision, advertising and dealer help the Canadian picture is satis- 
factory. W.C.C. 


108. What Other Solids to Use? The Serum Solids Situation. C. C. 
FijOra, Va. Polytechnic Inst., Blacksburg, Va. Ice Cream Field, 
43 , No. 3 : 19. 1943. 

The author briefly discusses some of the problems resulting from wartime 
restrictions in the ice cream industry. He reviews the findings of various 
investigators and commercial operators as to -what products can be used to 
replace serum solids in ice cream. He mentions a few of his findings which 
in general confirm those previously reported. 

It is concluded that corn sugars, apple juices and syrups “offer possi- 
bilities for replacing part of the serum solids in ice cream.” Oat flour 
(Avenex), Cincrose, soybean flour and w^heat flour are also placed in this 
same category. W.C.C. 


109. Serum Solids Substitutes. C. D. Dahle and D. V. Josephson, Penn- 
sylvania State Col., State College, Pa. Ice Cream Field, 43 , No. 3: 
14. 1943. 

Experimental mixes which contained 10.5% fat, 8.4% serum solids, 15% 
sugar 60% of which was Frodex and 0.4% gelatin were prepared with vari- 
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Oils flours b}' pasteurizing tliem at 160° F. for 20 minutes, since this was 
found to give better results than heating at 150° F. for 30 minutes. The 
results obtained confirmed the findings of others and further showed that 
Avenex or oat flour when used to the extent of 1% ^^gave as good or better 
results than 2% of the others.” 

They conclude that when over 1% oat flour is used a cereal flavor results 
but 2% soya flour also imparts a cereal flavor, whereas 2% of wheat, cake, 
or corn flour ‘‘caused no particular flavor defect in vanilla ice cream.” 
Even “3 or 4% of ordinary wheat flour gave little indication of cereal 
taste.” 

The authors report that nothing except egg yolk and monoglyceride w'as 
found to improve overrun. 

It is recommended that mixes containing cereal products be well agitated 
when used to insure the proper dispersion of part of the cereal which settles 
during standing. W.C.C. 


MILK 

110. Calculating Total Solids in Milk. Charles W. Livak. Natl. Butter 

and Cheese Jour., 35 , No. 1 : 13. Jan., 1944. 

Samples of milk were taken in November, December and Janiiar}^ and 
analyzed for fat and solids by the Mojonnier method. Specific gravity 
measurements w^ere made with lactometers and a Westphal balance. Per- 
centages of total solids w^ere calculated by Sharp and Hart^s equation. The 
total solids so calculated w^ere 0.228 and 0.307% higher than the Mojonnier 
method indicated, depending upon whether Eueda's or a “theoretical” cor- 
rection factor w^as used to convert specific gravity values to 86° F. with 
reference to water at 86° F. W.V.P. 

111. Why Certified Milk Should be Retained. J. Howard Brown, PIlD., 

Sc.D., Chairman, Council of the Amer. Assoc, of Med. Milk 

Commrs. Milk Dealer, 32 , No. 10: 48-49. July, 1943. 

The possibility of the elimination of certified milk by allowing onl}" two 
grades of milk as a war measure is discussed and a plea is made for retention 
of “certified milk' ' as a medicinal food rather than a premium milk. Certi- 
fied milk is controlled by the American Association of Medical Milk Commis- 
sions, Inc., a non-profit organization. This milk is not produced and 
marketed for financial profit and its methods and standards of production 
are rigorously controlled. Nutritional, chemical and sanitary differences 
are maintained as are special qualifications of herds licensed to produce such 
milk. Ninety per cent of the sales of certified milk are made upon the pre- 
scription or recommendations of qualified physicians who consider it as a 
product “which fills a need and exerts an influence far beyond what its 
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voliinie of production and eonsiiniption might seem to justify.’’ Its con- 
tinuation as such a distinct product is urged. C.S.T. 

112. Plant Cooling System for Milk Dealers. Anonymous. Milk Dealer. 

32 , No. 10 : 32-33. July, 1943. 

The adaptation of the cooling* of water for refrigeration purposes to 
apply to flat-top dairy plants by use of a spray canopy system is recom- 
mended as a means of controlling and reducing plant building temperatures 
and as an auxiliary air-conditioning aid. The system advocated is by means 
of feed water pipes installed above the roof rather than under it, so that 
pipes require no insulation and can be operated with waste water from 
condenser coils at a nozzle pressure of 7 pounds. A spray pond covering 
the whole roof to protect it iTom solar heat, with a circulating system pro- 
viding for recirculation, properly installed will reduce afternoon tempera- 
tures within the plant of a one-story flat-roofed building from 10 to 15 
degrees. Such a system will also increase the life of the roof by stopi:)ing 
excessive expansion and contraction of roof material and loss of volatile oils 
from asphalt by hot sun. C.S.T. 

113. Making Quality Easy for Milk Producers. Paul H. Monut. Milk 

Dealer, 32 , No. 11 : 30-31. Aug., 1943. 

Farm labor as well as plant labor is critical. Therefore the producer 
needs all the help the plant operator can extend to promote continued pro- 
duction of quality milk. The producer should be educated as to the need 
of quality to prevent waste, promote edibility and use of dairy products, 
and to provide extra food. This can be done by means of posters, loaning 
such items as hair clippers, and by distributing whitewashing formulas and 
directions to farmers. Directions for the proper care of milking machines ; 
blueprints on correct milk house construction, together with cement or build- 
ing instructions; providing building forms for cooling tanks; aid in the 
purchase of supplies, cans, brushes, powders, etc.; and suggestions for the 
correct care of the cows, equipment and milk are discussed. C.S.T. 

114. Consumer’s Problems of Every-Other-Day Milk Delivery. George 

P. Dow. Milk Dealer, 32 , No. 12 : 33-34, 66-68. Sept., 1943, 

The other side,” namely, the consumer’s leather than the distribu- 
tor’s problems of every-other-day milk deliveiy is presented. Such factors 
as the keeping quality of milk, home refrigeration facilities and changes in 
source of supply are analyzed from a survey of 966 families in Portland and 
Westbrook, Maine. Consumer problems were souring of milk in hot weather, 
off -flavor development from standing outside or uncapped in home refrig- 
erators, thickened cream layer, poorer keeping quality of raw milk as com- 
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pared witk pasteurized, and the relation of time of delivery to the keeping 
cinaiity of the milk delivered. The type of home storage of the milk was a 
factor in that ice refrigeration as compared with mechanical presented more 
of a quality and keeping problem. Detailed percentages of various com- 
plaints are given. On the whole the net change in milk purchased and 
consumed was negligible ; quality was unaffected if adequate refrigeration 
was available in homes and if the time of delivery was adjusted. Seventy- 
six per cent received their milk from distributors with established home 
deliveries and but few changed dealers, thus demonstrating that consumers 
were willing to cooperate with the plan to conserve trucks and labor as a 
war measure. ^ C.S.T. 

115. Pioneer Milk Pasteurizing Plant. Fred W. Meen. Milk Dealer, 33^ 

No. 2 : 39-40. Nov., 1948. 

The description of equipment, methods used and of delivery and sales 
methods followed in the organization and starting of what is said to be the 
first commercial bottled fluid milk pasteurization plant established in the 
United States at Eush City, Minnesota, in 1897, is of historical interest to 
the milk industry. C.S.T. 

116. Securing Customer Cooperation to Ease Milk Delivery Problem. 

C. "W. Esmond, G. P. Gundlaeh & Co., Cincinnati, Ohio. Milk 

Dealer, 33, No. 2 : 48-50. Nov., 1943. 

With the necessarily curtailed service to all milk customers in effect as a 
wartime emergency measure, the need for customer cooperation — always 
essential for best dealer-customer relationship — is now more than ever a 
“must’’ if confusion, complaints and loss of customers are to be avoided. 
An intelligent, systematic and continuous educational program to acquaint 
the customer with the problems confronting the dealer together with a 
recognition of the consumer’s unaccustomed mconveniences and problems 
will go far towards solving present-day wartime milk deliveiy problems, 
as well as to meet post-war competition and “to retain and to improve upon 
all the economical distribution methods of war time, such as the elimination 
of special delivery, standing orders, conservation of bottles, reduced number 
of deliveries per week, minimizing the overlapping of routes, collecting at 
lowest possible cost, saving unnecessary steps for milkmen, etc.,’’ and thus 
retain and maintain the closer and more friendly dealer-customer coopera- 
tion developed as a wartime necessity. C.S.T. 

117. Improving Chocolate Drinks. B. E. Horrall, Purdue Agr. Expt. 

Sta., Lafayette, Ind., and M. 0. Maughan, Amer. Dry Milk Inst., 

Chicago, 111. Milk Dealer, 33, No. 3 : 24-25, 48. Dec., 1943. 

A survey cited by the authors revealed that 80% of all chocolate milk 
sales was a “plus” not a “replacement” volume, indicating that chocolate 
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increases tlie palatabilit^^ of milk to many eonsiimers. Studies therefore 
were undertaken ‘^to (a) improve the flavor and (b) increase the nutritive 
value of elioeolate drinks. Experimental technique was to use various 
percentages of milk fat where milk solids-not-fat were added to different 
lots of wdiole and separated milks plus four different chocolate products 
and sugar. Cream, butter and butteroil were used for desired fat eonibina- 
tions and spray-dried skim milk powder for solids-not-fat additions. Six 
experiments were conducted with varying percentages of milk fat to which 
added milk solids-not-fat were combined. All samples were tested by seven 
or more judges. Added milk solids-not-fat to the extent of 3% improved 
all commercial chocolate milk drinks. A 2% bntterfat product enriched 
with 3% milk solids-not-fat was adjudged the best-flavored product, fol- 
lowed closely by the 3% and 1% hutterfat products to which 3% milk 
solids-not-fat were added. A commercial formula for addition of spray- 
dried skim milk powder to either a skim milk or reconstituted milk mixture 
is given. C.S.T. 

118. The Function of the Laboratory in the Control of Milk Supplies. 

F. "W. Fabian, Res. Prof. Bact., Mich. State CoL, East Lansing, 
Mich. Jour. Milk TeehnoL, 6 , No. 5 : 278. Sept.-Oet., 1943. 

A good discussion is given of the various laboratory tests used in the 
dairy industry and their relative values in determining the sanitary quality 
of milk. 

The author concludes that ^‘it looks as though we are going to use the 
plate method less since it is expensive, time-consuming* and tells only a part 
of the story. In its stead we shall substitute the direct mieroscopic test 
supported by other tests. For raw milk, we shall use the odor test, the 
sediment test, and either the direct microscopic or the resazuriii test or both. 
For pasteurized milk, we shall use the direct mieroscopic method supple- 
mented by the coliform and phosphatase tests. 

The author believes it will be some time yet before laboratory tests will 
be developed to the stage where they will supplant the milk inspector. He 
does think, however, that the future inspector will be better trained and will 
be a combination inspector and laboratory man, doing most of his own 
laboratory work. 

The ideal situation is to use the milk inspector to locate the visible dirt 
and the laboratory to find the invisible dirt. ‘‘They should supplement 
rather than supplant each other.” L.H.B. 

119. Care of Milking Machines. C. K. Johns, Central Expt. Farm, 

Ottaw’a, Canada. Jour. Milk TeehnoL, 6 , No. 5 : 274. Sept.~Oct., 
1943. 

In studies made at the Central Experiment Farm, it was found possible 
to keep milking machine rubber parts in good sanitary condition without 
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tlie use of liot water after eacli milking*. This method was developed in 1930 
and has been in use ever since. 

During a period of nearly twelve years, more than 1200 samples of the 
mixed raw milk (nights and mornings) were taken from the pasteurizing 
vat prior to pasteurization. More than 70% of the agar plate counts were 
below 10,000 per ml. and more than 95% were below 50,000 per ml. 

The method used is very simple and is as follows : 

Immediately after milking at least two gallons of clean, cold or luke- 
warm water are drawn through each unit, raising and lowering the teat 
cups several times to obtain an air-brush effect. The outer surfaces of the 
teat cup assembly are then cleaned off with a brush and hot detergent, hung 
on a solution rack and filled with a weak (0.5%) lye solution until the next 
milking. At that time the solution is drained out and the units re-assembled 
and ready for use. It has not been found necessary to rinse the units to 
remove traces of lye solution, but a chlorine rinse at this time could be drawn 
through the unit to advantage. At intervals of one or two weeks, the rubber 
parts are dismantled, primarily to prevent adherence to the metal, and for 
thorough inspection of the tubing and liners to note their condition. Worn 
out tubing and liners are replaced at this time, and if necessary, liners 
are trimmed to proper length. The tubes and liners are brushed in hot 
detergent solution and rinsed before re-assembling. 

The lye solution has an advantage over the chlorine soak solution in that 
the lye saponijfies any butterfat and dissolves any casein which might he 
present, thus leaving the rubber parts physically clean. The lye solution 
is also a good germicide and prevents the growth of bacteria in the tubes. 


MISCELLANEOUS 

120. Proper Paint Helps Solve Surface Maintenance Problems, Anony- 
mous. Milk Dealer, 32 , No. 11 : 29-58. Aug., 1943. 

Stressing the need of proper maintenance of all milk plant equipment, 
the paint-up program, with paint still available, can and should be regularly 
maintained, particularly since the milk plant must of necessity operate 
under conditions of moisture and steam condensation especially destructive 
to ordinary paint. 

The need of special moisture and acid-resistant protection from corrosion 
and fungus and mold growths by use of paint-s possessing such properties is 
stressed. The use of proper white and light-tinted paints for increased 
illumination which reduces eye strain and fatigue, aids employee morale 
and decreases accidents. In some plants accidents have been eliminated 
100% by selection of a high light-reflecting paint. A table of reflection 
values for different colors ranging from 11 to 25% for dark green to 80-89% 
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for white is given. The suggestion is made that wherever practical, in- 
creased light reflection is obtained by painting floors white or light colored. 

C.S.T. 

121. First Aid for Ailing Cold Storage Rooms. Anonymous. Milk 

Dealer, 32 , No. 11 : 26. Aug., 1943. 

Citing a recent survey made by the Refrigeration Service Engineers 
Society that approximately half of the refrigeration service men have left 
their former jobs, the author stresses the need for all fluid milk plants to 
keep their refrigerating machinery and cold storage rooms at top efficiency 
lest spoiled products through breakdovms with resulting higher operating 
costs result. A new type of circulating fan which requires no skilled me- 
chanic to install provides for better air circulation on a new principle of 
blowing the cold air from the refrigerated coils up to the ceiling, down the 
walls and up the center, moving all the air in the room to maintain an even 
and equalized temperature. Such a movement of air promotes dryness, 
dispels odors quickly, prevents frosting of coils, retards mold growth and 
reduces cost. A diagram of air currents after installation of fan graphically 
illustrates diffusion of air. C.S.T. 

122. National Control or Free Competition for Britain’s Milk Industry. 

George Walworth. Milk Dealer, 33 , No. 2 : 6A-66. Nov., 1943. 

Whether government control of Britain’s milk industry after the war is 
made permanent or whether the industry is permitted to revert to pre-war 
free competition is contingent upon the extent to which the present essential 
processing and price-control measures are voluntarily retained by private 
enterprise. To insure national nutritional requirements, proper price rela- 
tionship as to milk quality and its utilization, the maintenance of proper 
balance between liquid milk and processed products consumption, econom- 
ical maintenance of sales and distribution and milk quality control are 
factors the British milk industry must face and solve satisfactoril}^ to avoid 
national post-war control of milk. The establishment of a milk control 
council by the industry with power to regulate such factors in the interest 
of eonsumers, as well as to insure adequate returns to the industry, is 
advocated. This British question is of importance to the United States in 
that post-war international relationships are involved and concern all milk- 
producing nations. ^ ^Liquid milk occupies the key position in Britain ’s agri- 
culture but dairy produce will be of considerable significance in overseas 
trading with Britain.” C.S.T. 

123. Use of Chlorine on the Farm. Jack Keenan, Gen. Lab. Div., Penna. 

Salt Mfg. Co., Philadelphia, Pa. Milk Dealer, 33 , No. 2: 52-57. 

Nov., 1943. 

Since milk quality control starts at the farm, the utilization of chlorine 
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for eleaiiiiig all utensils, for washing cows and milkers’ hands, rinsing cans, 
etc., is of vital importance. Methods of preparing standard chlorine solu- 
tions and rinses are given for all such uses. Stress is laid upon need of 
using elilorine in washing cows’ udders and teats to prevent infection, and 
in cleaning milking machines to prevent spread of disease. The author con- 
cludes that ‘"next to sunshine, chlorine may be said to be onr best bacteri- 
cide” and that its use is safe, inexpensive and particularly adapted to use 
on the farm. C.S.T. 

124. Plastics. Anonymous. Milk Dealer, 33, No. 3 : 26-27. Dec., 1943. 

With the advent of war, substitute materials for use in dairy plant equip- 
ment became necessary. Since then substitutes for substitutes have ap- 
peared. The use of plastics, since they are light, unbreakable, clear and 
impart no flavor or odor, in making both old and new milk plant equipment, 
would seem to afford highly interesting possibilities. Particularly interest- 
ing is the possibility of supplanting standard tubing and piping with plastic 
material. C.S.T. 

125. Tin in the Dairy Industry. Julia Dexter, Battelle Memorial Inst., 

Columbus, Ohio. Milk Dealer, S3, No. 3 : 34, 46-48. Dec., 1943. 

The use of tin in the dairy industry from the tin milk pail of the farmer 
to the tin can on the grocery store shelf through all the intermediate steps 
of collection, transportation, cooling, storing and packaging in tin-coated 
equipment is described and its present critical status discussed. New 
methods of utilizing tin as a coating which will favor retention of tin in post- 
war use in the dairy industry are described. Electrolytic plating of tin by 
different new methods ; the use of white bronze plating to tin copper or in 
combination with nickel, tin spraying and new and better tinfoil for wrap- 
ping dairy products are postwar possibilities which “point the way to better 
and far heavier tin coatings than have been possible in the past. Eepairs 
and relining are facilitated in many eases by electrolytic tinning means. 
Tin-eoated steel is the most inexpensive material of construction for dairy 
equipment. ” C.S.T. 

126. Steel for Insulation. James 6. Macormack, Amer. Flange & Mfg. 

Co., Inc., and C. T. Hogan & Co., Inc., New York. Ice Cream Field, 

45, No. 3:34. 1943. 

The author claims that Ferro-Therm steel insulation offers increased 
efficiency and economy to the ice cream industry. Ferro-Therm steel insu- 
lation sheets are made of thin gauge commercial steel with a hot dipped lead 
and tin alloy coating “which reflects 90 to 95% of radiant heat. These 
sheets are installed with approximately one-half inch air space on either 
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side, broken up by separators every 24 to 32 indies. Ferro-Tiiei^ni steel 
insulation was first introduced in 1933-34 but it lias been extensively used 
since 1937 in many industries requiring refrigeration. 

Eight sheets of Perro-Tlierm insulation in an overall thickness of 4 inches 
is equivalent to 8 inches of corkboard. Ferro-Therni sheets from 26 U.S.S. 
gauge to 18 U.S.S. gauge are ifsed for the outside linings for rigidity, while 
all intermediate steel sheets are No. 38 U.S.S. gauge and weigh 0.25 pound 
per square foot. 

Fifteen sheets within a thickness of 6 inches used on a “dry iee’^ storage 
cabinet resulted in a loss of 1.8% for 24 hours whereas 8 inches of corkboard 
insulation on the same type of cabinet resulted in 3% loss per 24 hours. The 
Ferro-Therm eoiitaiiier weighed 1100 pounds and held 2938 pounds of dry 
ice, whereas the corkboard container weighed 1500 pounds and held 2250 
pounds of dry ice. 

The degree of luster or optical brightness has little to do with the ability 
of the surface to reflect heat or infra red rays. Tests by the IT. S. Bureau 
of Standards show that reflective insulating sheets exposed to industrial 
atmosphere for two years until they became a dull gray-blaek had’ 97% of 
the reflectivity of radiant heat they had wdieii new and bright. Moisture 
condensation is very slight in a Ferro-Therm construction. The heat storage 
capacity of the steel insulation is relatively low, which permits more rapid 
temperature pull down than with the usual type of mass insulation. 

W.C.C. 
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ABSTRACTS OF LITERATURE 

BACTERIOLOGY 

127. Further Studies on Coliform Bacteria Serologically Related to the 
Genus Salmonella. P. R. Edwards, W. B. Cherry, and D. W. 
Bruner, Ky. Agr. Expt. Sta., Lexington. Jour. Infect. Dis., 73 ^ 
No. 3 : 229-238. Nov.-Dee., 1943. 

In a continuation of work reported earlier (Jour. Dairy Sci., 25, No. 6 : 
A144. June, 1942) the serological properties of 44 coliform cultures were 
studied. All of the cultures studied Avere considered pathogenic. An anti- 
genie analysis reA^eaied that the 44 cultures were divisible into 14 serological 
types and these types Avere dhisible into 11 somatic groups. With the excep- 
tion of 3 cultures, the H antigens of all of the types resembled those of 
Salmonella clilsseldorf and S. cerro. The H antigens of the other 3 cultures 
resembled those of 8. enteritidis. Antigenic formulas, based in part on the 
Kaufmann- White schema for the salmonellas, are given for the 14 types. 

J.F.C. 


' CHEESE 

128. Consistency of Cheese Curd at Pitching and Grinding. F. M. V. 

CoppEN. Dairy Indus., 8 , No. 9 : 488. Sept., 1943. 

. The author discusses a number of control tests aa^McIi are employed at 
different stages in Cheddar cheese manufacture. Data are given and the 
relative merits of these tests presented. D.V.J. 

129. Oil Separation in Processed Cheese. J. L. Palmer and W. H. Sly. 

Dairy Indus,, 8, No. 8 : 427. Aug., 1943. 

In the manufacture of processed cheese much can be done to avoid oil 
separation during storage and distribution. It is pointed out that the 
ripeness of the cheese used for processing is a A^eiy important factor. Veiy 
ripe cheese frequently results in loose, grainy and oiled-off processed cheese 
while A^ery fresh cheese produces a stable emulsion. 

The stabilizing salt (called melting salt in England) is also a very im- 
portant factor and according to these authors sodium citrate alone or a 
suitable blend of sodiuhi citrate and phosphates produce the best results. 
Sodium metaphosphate is of questionable value. When the pH of a proc- 
essed cheese is OA^^er 5.8 to 6.0 or below 5.4, there is more danger of oil sepa- 
ration. It is also pointed out that prolonged or violent agitation resulting 
in aeration will have a tendency to break down the emulsion. A continuous 
process is more desirable than a batch system. D.Y.J. 

A61 
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DISEASE 

130. Studies on Epidemic Diarrhea of the New-Born: Isolation ^ 

Filtrable Agent Causing Diarrhea in Calves. Jacob S. Ligh\^^ 
MD.j AXD Horace L. Hodes, Lt. MC, USNE, Johns Hopkins Uiiiv. 
and Sydenham Hosp., Baltimore City Health Dept., Baltimore, 
Md. Amer. Jour. Pub. Health, 33, No. 12 : 1451-1454. 1943. 

In connection with four separate epidemics of diarrhea of the new-born 
a filtrable agent lias been isolated which regularly produces diarrhea in 
calves. In the attempts so far made, this agent has not been isolated from 
the stools of normal infants or normal calves. The evidence suggests, 
though it is not conclusive, that the agent may be a cause of epidemic diar- 
rliea of the new-born, M.AV.Y. 

131. Use of Modern Laboratory Aids in the Investigation of a Typhoid 

Fever Outbreak, Edward E. Schlesixger, Asst. Dist. Health 
Officer, N. Y. State Dept. Health, Albany, N. Y. Amer. Jour. Pub. 
Health, 5^X0.10:1257-1262. 1943. 

An outbreak of 27 cases of typhoid fever is described which occurred 
in Oswego County, New York, in 1941 and 1942. Twenty-three of the 
eases were probably due to the ingestion of curd or fresh cheese at a local 
factory or wei*e secondary to such cases. The eases occurred over a period 
of IT months. Bacteriophage typing separated the type C eases, due to the 
eontaminated curd and cheese from type A cases traced to food prepared 
by two type A typhoid carriers. Two typhoid carriers were found among 
the dairy farmers supplying the cheese factory. Typing showed one to be 
type C and eliminated the other as the possible source of the outbreak, 
despite the fact that epidemiological evidence alone pointed more forcefiilh’' 
to the latter as the carrier responsible for the outbreak. M.W.Y. 

132. What Is Known on Undulant Fever. K. G. Weckel, Assoc. Prof, of 

Dairy Indus., Univ. Wis. Milk Plant Moiitliiy, 33, No. 7 : 41-42. 
1943. 

The disease 'Amdulant’' fever, deriving its name from its characteristic 
of recurring at intervals or in cycles, is known also as Brucellosis, inter- 
mittent typhoid, Malta or goat fever or subcontinuous fever depending in 
part on locality and observations. The disease has its origin in animals. 
The bacteria responsible for it among cattle is known as Brucella abortus; 
among sheep and goats as Brucella meliUnsis; and among swine as Brucella, 
suis. Any type may cause undulant fever in man but that from Brucella 
melitensis, which has seldom been diagnosed in man in the United States, 
is the most fatal Br, abort us are discharged through uterine secretions or, 
when the udder tissue is infected, through the milk. Humans consuming 
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raAV milk mar contract the disease but relatively this seldom occurs. Tlie 
eradication program lias reduced the incidence of the disease to a low of 
probably 2% or less. Three general methods are used in eradication: (1) 
Test and slaughter, (2) Test and segregation, and (8) Calfhood vaeciiiation. 

The incidence of iiiidiilant fever in humans is greatest among handlers 
of livestock and slaughterhouse or meat packing plant employees. The dis- 
ease among humans is not contagious. There have been but very few 
recorded outbreaks of Brucellosis traced to milk and those to raw milk. No 
outbreaks have been reported from consuming iiasteiirized milk. Hence, 
the program of eradication and pasteurization minimizes the economic loss 
caused b}" the disease on farms and assures the consumer of a safe milk 
supply. G.M.T. 


FEEDS AND FEEDING 

133. Physiological Requirements and Utilization of Protein and Energy 
by Growing Dairy Cattle. E. G. Ritzwan and N. P. Colovos. 
N. H. Agr. Expt. Sta. Tech. Bill. 80. 59 pages. Aug., 1948. 

An intensive study on the energy and protein requirements for growth 
of daily cattle, from birth to approximate maturity. Eleven pure bred 
Holstein heifers were used in the following age groupings : Birth to 4 months, 
3 heifers ; 4-36 months, 4 heifers ; 8-27 months, 4 heifers. 

This bulletin lacks an adequate summary and it is difficult at times for 
the reader to distinguish between conclusions drawn from original data, and 
statements based on other woi’k having a bearing on the results. The fol- 
lowing statements, for the most part direct quotations, have been selected 
as being of particular significance. 

A very close agreement was found between individuals in their basal 
metabolism at approximately the same age. A high pitch of tissue activity 
prevailed for about a week after birth; this was followed by a sudden drop, 
after w'hich further decline was quite steady and gradual. This declining 
rate in tissue activity was reflected by a periodical decline in growth rate 
as indicated by daily gains in live weight in relation to total weight of the 
individual. 

Certain of the results demonstrated the critical importance of the time 
factor in growth. Aging is almost purely a question of time, and maturity 
is reached in the span allotted for the species whether food is scarce or 
abundant. 

All offshoot from" the main investigation wms a study of the effect of 
accessory illumination on metabolism. The conclusion that seemed most 
probable was that any effect of visual light on metabolism is immediate and 
prevails only as long as the (nerve) exciting effect of light is present. 

The biological value of protein depends not only on the character of its 
nitrogenous constituents, or on the level of the protein intake, but also on 
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tlie physiological adaptability of the individual to utilize it. . . . The true 
measure of value of a feed for a given purpose must be determined by the 
individual viiich uses it most efficiently. The results do not suggest any 
beneficial results from the so-called associative effects of protein from differ- 
ent sources, but rather a low order of biological value of cereal proteins 
for growth. 

Protein utilization values secured indicate that the protein of hay had a 
surprisingly high value for growth (iiractically the same as grain) ; that 
corn had a low value, that linseed meal was somewhat better than cottonseed 
meal, and that barley was about equal to oats. 

Efficiency of protein utilization was determined as much by the inherent 
growth rate potential of the individual as by the available supply of food 
protein. 

Eelatively great differences may exist in protein utilization between indi- 
viduals of similar age and type or breed, and maintained under like condi- 
tions. 

The comparative uniformity of the decline in protein conversion indicates 
that it is impossible to force growth beyond these declining inherited limits. 

The influence of hereditary limitations to storage of protein for growth 
appears to be the deciding factor as to the form in which available food 
energy in excess above maintenance is stored by the body. 

Quantitative statements of requirements of protein and energy appear 
in detail in a series of tables wiiich do not lend themselves to a simple sum- 
mary statement. The reader is therefore referred to the original article for 
further specific information. 

17 tables, 43 literature references. J.G.A. 

134. Meeting the Protein Requirements of Dairy Cows. H. B. Ellen^ 

BERGER. Yt. Agr. Expt. Sta. Pamphlet No. 1. 12 pages. March, 
1943. 

A non-technical discussion of the subject in the light of the present 
protein shortage. The need for good pasture supplemented by a simple 
grain mixture such as corn and oats, is stressed. The writer ^s opinion is 
that during the present emergency a concentrate mixture containing not 
more than 16% protein, if liberally fed, should serve most dairy needs, in- 
cluding winter feeding. The importance of storing ample supplies of rough- 
age of the highest possible quality is strougly emphasized. J.G.A. 

POOD VALUE OF DAIRY PRODUCTS 

135. Milk in the National Food Program. W. B. Krauss, Chief, Dairy 

Dept., Ohio Agr, Expt. Sta., Wooster, ,0. Milk Plant Monthly, 32 , 
No. 9:34. 1943. 

Emergency food problems involve an adequate supply of calories, pro- 
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tein, minerals and vitamins from sources people have been accustomed to 
using and in keeping vdtli the agricultural system which makes efficient use 
of land labor and feed. In 1942, about 40% of the food energy, 57% of 
the protein and 737c of the fat were from livestock products. Three- 
fourths of the calcium and about one-half of the riboflavin in the civilian 
food supply were from milk products. Considering the output of calories 
and protein from concentrates fed, the utilization of labor for the produc- 
tion of protein, the protein obtained per acre, the minerals and vitamins, 
milk ranks at the top followed closely by eggs. Milk and egg production 
are, therefore, emphasized. Indications are that the demand for milk may 
be maintained or even increased. G.M.T. 

136. Chemical and Biological Stability of Crystalline Vitamins Da and 

Da and Their Derivatives. W. Huber and 0. "W. Barlow, Res. 

Labs., ‘Winthrop Chem. Co., Inc., Rensselaer, New York. Jour. 

Biol. Chem., 149, No. 1 : 125. July, 1943. 

All forms of Vitamin D, including Vitamin D2 (irradiated ergosterol) 
in a crystalline form, or when absorbed on casein (ertron), Vitamin Da 
(activated 7-dehydroehoiesterol), as well as Vitamin D from natural 
sources, are susceptible to destruction through oxidation as shoAvn by 
changes in their melting points and specific rotations. This decomposition 
is more rapid when they are stored in the dry form rather than as emulsions. 
The various nitrobenzoic acid esters of Vitamins D2 and D3 are more stable 
for they showed no apparent decomposition after being stored for five years. 

"When an emulsion of Vitamin D2 in propylene glycol (drisdol) was 
diluted with water it lost as much as 75% of its potency during the period 
of bioassay, but when diluted Avitli milk or propylene glycol it showed no 
deterioration. 

Market mill^ fortified wuth Vitamin D2 show^ed no apparent loss of 
potency when held for 8 days and evaporated milk, similarly fortified, 
showed no loss of Vitamin D after storage periods ranging from 6 to 15 
months. A.O.C. 

137. Some Medical Aspects of Protein Foods. Fredrick J. Stare and 

George W. Thorn, Schools of Pnb. Health and Medicine, Harvard 

Univ. ; Med. Serv., Peter Bent Brigham Hosp., Boston, Mass. 

Amer. Jonr. Pnb. Health, 33, No. 12 : 1444-1450. 1943. 

The protein requirement of man cannot in the present state of knowledge 
be quantitatively stated in terms of amino acids, under certain standardized 
conditions. Calorie intake from carbohydrate and fat spares protein, and 
in the presence of sufficient calories from non-protein sources, the amount 
of protein in the diet of an active adult may be safely reduced to 50 grams 
per day, of which as little as 5 grams may be in the form of animal protein. 
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The protein reqiiireiiieiit is not increased in exercise, and ph 3 ^sical fitness 
and efficiency are not impaired or improved on low protein diets adequate 
ill other nutrients. Siibstitntiiig protein for some of the carbohydrate in 
the coinmon American breakfast is a feasible way to prevent mid-morning 
symptoms of fatigue. High protein diets are not harmful to the normal 
adult and are of definite therapeutic value in many diseases and particu- 
larly ill convalescence. Certain less common protein foods exist which are 
of high nutritional value, and which could be used with considerable valna 
ill post-war feeding operations. Protein foods are excellent sources of 
nutrients other than proteins, and we cannot reduce the protein of a diet 
unless at the same time we provide the other essential factors contributed 
by protein foods. M.W.Y. 


hllLK 

138. The Place of the Dairy Industry in Postwar America. Chris L. 

Christensen, Vice Pres., The Celotex Corp. Milk Dealer, 33, No. 

4:70-71. Jan., 1944. 

Fluid milk production and distribution as a postwar product will ex- 
perience many changes. Standardization of milk inspection laws and regu- 
lations j economies in transportation both from farm and to consumer and 
the possible inauguration of partial condensation by milk plants before 
delivery to consumers are postwar changes in the processing field. In the 
production field (1) improved feeding methods of both hay and grain hj 
use of recommended feeding procedures to improve quality and nutrition 
of milk as well as quantity; (2) improved soil and soil cultivation methods; 
(3) use of commercial nitrogen fertilizers for increasing pasture and, hay 
production; (4) herd improvement through use of ai’tifieial breeding; (5) 
improved dairy barns and housing facilities through better designing ; and 
(6) general reduction of milking time and improved equipment will all be 
factors to consider as a postwar problem in the dairy industry. C.S.T. 

139. A Technical Survey of Commercial Cultured Skim Milk or Butter- 

milk Manufacture in the United States. P. V. Kosikowsky, Dept. 

of Dairy Indus., Col of Agr., Cornell Univ., Ithaca, N. Y. Milk 

Dealer, 33, No. 4 : 25-27, 44-46. Jam, 1944. 

A cross-section survey of 45 dairy plants through the United States made 
by use of questionnaire wns basis of this study, A range of from 3,650 to 
12.5 million quarts with a total of 25.6 million quarts of cultured buttermilk 
annually was represented in the survey. Principal factors studied were (1) 
proportionate relationship of cultured buttermilk to whole milk sold rang- 
ing from 1.5 to 14.83% with average of 2.59% ; (2) source of starter — 
88.9% commercial starter used; (3) amount of starter used ranging from 
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1.28 to 2.17% witli average of 1.84%; (4) amount of added milk fat used 
ranging from 1.00 to 1.69% with average of 1.44%; (5) temperature and 
range of liolding time for pastenrization, temperatures used ranging from 
160 to 190"^ F. for 30 to 37 minutes; (6) temperature and time of incubation 
ranging from 65° to 75° F. and from 10 to 16 hours field; and (7) acidity 
of curd when broken, cooled, a.nd stored, ranging from 0.67 to 0.85%. Other 
factors studied were addition of salt, gelatin, butter, and customer com- 
plaints. AY!ieying-off and viscosity were deemed greatest problems by the 
author. C.S.T. 

140» Addition of Citric Acid to Improve the Flavor of Cultured Butter- 
milk. J, A. Nelson, Agr. Expt. Sta., Montana State College. 
Milk Dealer, 33, No. 4 : 32. Jan., 1944. 

The addition of citric acid to cultures used in producing cultured butter- 
milk, similar to use of citric acid in butter cultures, was studied in this 
experiment. Clieck samphi of milk did not have citric acid added to cul- 
tures used but otherwise the samples were processed and treated similarly. 
The creatin test to determine <iimntitatively the acetylmethyicarbinx)! and 
diacetyl development showed in favor of citric acid cultures. Desirable 
flavor cbaracteristics in all cultures to which citric acid was added were 
declared present by two compet(uit culture judges. The autlior concludes 
the flavor of cultured buttermilk could be improved by the addition 
of citric acid to the culture milk before inoculation.’^ C.S.T. 

14L Agreeable Manner Will Maintain Doorstep Delivery. C. W. Es- 
mond. Milk Plant Monthly, 32, No, 8: 29-30. 1943. 

The autlior points out the importance of keeping the milk eiistomer satis- 
fied. Disgruntled milk ciistouuirs do not really object to curtailment of 
deliveries; to the prompt return of milk bottles; to the prompt payment of 
milk bills; to tlie delivery of uniform quantities of milk daily so as to elimi- 
nate returns, or to otlier reasonable practices approved by good dairy man- 
ag'cment, but do objcHvt to tlie briis(pie, abrupt and blunt metliods •xqscd by 
some milk men in putting these cliang(>s into effect. Since the customer is 
the ultimate l)Oss not only of the milk mon themselves, but of the dairy indus- 
try, it behooves tlu^ management to insist upon the milk men handling cus- 
tomers with ^^kid gloves.” The customer will continue to prefer doorstep 
delivery if it is done at reasonable cost, and in an agreeable manner. Agree- 
able manner in doorstep delivery will not only insure the job of the milk 
man, but in the end will help to insure the job of all other milk men as well. 

G.M.T. 

142. Dye Reduction Tests for Heat Treated Milk. A. L. Proven and 
A. Rowlands. Dairy Indus., 8, No. 12': 693. Dec,, 1943. 

The authors do not recommend the colony count or the coliform test as 
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a means of eontrolling the keeping quality of heat treated milk. They sug- 
gest a half-hour methylene blue or resazurin test at 37° 0. applied to 
samples ivliich have been stored at 18® C. from 3 p.m. on the day of distribu- 
tion until 10 A.M. the following day. This method can be relied upon to 
detect the majority of samples with an unsatisfactory keeping quality. 

D.V.J. 

143. The 'Acidity Test Compared with the 10-Minute Resazurin Test and 

the Methylene Blue Test. G. E. Jones and H. Barkwoeth. 
Dairy Indus., 8, No. 11 : 635. Nov., 1943. 

A very significant correlation was found between the 10-minute resazurin 
test and the acidity of milk. The authors observed and presented data to 
support the fact that the 10-minute resazurin test is more closely affected 
by changes in acidity than is the methylene-blue test. D.Y.pJ. 

144. The Relative Keeping Qualities of Evening, Morning and Mixed 

Milk. E. W. Erskine, B. M. Fischer, S. M. L. Smith, and J. G. 
Davis. Dairy Indus., 8, No. 11 : 618. Nov., 1943. 

The authors found no marked differences in the bacteriological qualities 
of evening, morning and mixed milk. The methods used for this analysis 
were the ‘^clot on boiling,’^ methylene blue, resazurin, plate count and coli 
tests. . D.V.J. 

145. The Use of the Resazurin Comparator in Artificial Light. J. 6. 

Davis and L. G. Newland. Dairy Indus., S, No. 10 : 555. Oct., 
1943. 

In reading resazurin tests with the resazurin comparator daylight was 
found to be most suitable from all standpoints. However, low-pressure 
mercury vapor fluorescent tubular lamps gave vei^y comparable results but 
were more fatiguing to the opei'ator’s eyes. In using this type of artificial 
light, it is desirable to exclude other extraneous light. D.V.J. 

146. Thermoduric Organisms in Milk. C, S. Morris and M, Edwards. 

Dairy Indus., 8 , No. 10 : 550. Oct., 1943. 

It is pointed out that heat-resistant types of organisms in milk can usually 
be traced back to a lack of sanitation on the farm or inefficient cleaning of 
milk cans at the creamery. Heat resistant eoliform organisms may come 
from dried films on utensils or from contaminated water supplies. 

Tests on raw milk are of little value in detecting thermoduric organisms. 
The author suggests that the pasteurized milk be examined by the following 
tests : 1. A phosphatase test immediately after pastenrization or when milk 
arrives at laboratory. Hold the milk for 24 hours at 18® G. and then run, 
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(a) a plate count at 30"" C. or 37® 0. on yeastrel milk agar (yeast extract 
milk agar), (b) ^ resaziirin test at 37® C., and (c) a presumptive coliform 
test. ' D.V.J. 

147. The Resazurin Test for Sterility of Milk Cans. J. G. Davis and 

D. W. Watson. Dairy Indus., 8, No. 8 : 415. Aug., 1943. 

The authors attempted several procedures of holding rinse solutions 
prior to testing them by the standard resazurin technique. Plate counts 
were used as a basis of comparison. The most satisfactory procedure of 
those tried was the following: One ml. of rinse is inoculated into 10 ml. of 
separated milk and incubated at 22® C. in a water bath or large tank in a 
heated room for 24 hours. At this time a standard resazurin test is made at 
37® C. Any sample which reduces to a disc number of 5 or less in 30 min- 
utes is regarded as unsatisfactory and probably has a count of more than 
500 per ml. of rinse. D.V.J. 

148. Cryophilic Bacteria in Relation to Milk Can Sterility Tests. G. P. 

V. Morgan. Dairy Indus., 8, No. 8 : 411. Aug., 1943. 

The author found that the ciyophilic organisms, isolated from milk cans 
after mechanical washing, were of a type usually associated with water. He 
points out that the detergent tank in the can washer frequently is the source 
of contamination and, therefore, should be cleaned after each day^s opera- 
tion. The rinse tanks on can w^ashers are much less liable to become a prob- 
lem. Plowever, it is extremely important to keep the entire washer clean if 
contamination is to be avoided. D.V.J. 

149. Rapid Platform Tests. H. Barkworth, J. G. Davis, J. W. Bdgell, 

A. Rowlands, and D. W. Watson. Dairy Indus., 8 , No. 5 : 215. 

May, 1943, 

111 an attempt to find suitable tests for detecting unsatisfactory milks 
at the receiving platform, the authors investigated the following methods : 
smell and taste, clot on boiling, alizarin-alcohol, titratable acidity, pH, 
resazurin (10 minutes and 1 hour) and methylene blue. Although most of 
these tests bad certain desirable characteristics, the 10-minute resazurin test 
was found to be most suitable for the purpose. D.V.J. 

150. Dye Reduction in Milk Related to Eh, pH and Dissolved Gases. 

J. M. Prayer. Vt. Agr. Expt. Sta. Bui. 498. Sept, 1942. 

This publication contributes fundamental facts regarding the physio- 
logical processes involved in the application of the resazurin and the methy- 
lene blue tests for milk quality. The results as summarized are as follows : 

‘^The reduction processes of the resazurin and methylene blue tests were 
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followed eoordiiiateiy witii Eii, pH and dissolved gas determinations. Tiie 
results secured seem to warrant tlie following eoncliisions : 

‘A. There is little relationship bet\veen the moment of dye reduction 
and pH, oxygen depletion and pH changes not necessarily proceeding eoin- 
eideiitly. 

“2. The bacterial growth phase at the moment of test initiation has mucdi 
to do with the shape of the time : potential curve. 

“3. The Eh level at the resaznrin-pink stage of reduction is much more 
variable than it is wiien fully reduced. 

^^4. Most milks reduce resazurin to the pink stage at reduced oxygen 
levels, no ease having as yet been observed of complete visual reduction of 
either dye in the iiresenee of more than a minimum of oxygen. 

'‘5. Milks held at 40^ F. or less for 24 more hours tend to attain the 
resazurin-pink stage at higher Eh levels than wdien fresh. 

^ ^6. It can be safely assumed : (a) that all cell types found in milk have 
the same influence on dye reduction and gas depletion; (b) that oxygen is 
the only gas involved in the reaction; (c) that all unusual color modifica- 
tions result from harmful abnormalities. 

“7. The stage at -which the carbon dioxide content is significantly in- 
creased is often accompanied by a rapid decline in both Eh and pH and by 
imminent color reduction. 

^^8. A low count milk sample to which resazurin is added, when exposed 
to bright sunlight and unaccompanied by metabolic activity previous to 
incubation, behaves as a rule as does a sample of poor milk in respect to the 
rapidity of oxygen depletion, of negative Eh swing and of color fading. 

^ ^ Because of the relatively high sensitivity of the resazurin dye and the 
possible occurrence of color changes resulting from variations in factors 
other than those attributable to a high bacterial content and/or to physio- 
logical or pathological abnormalities, the opinion is advanced that, in the 
absence of microscopic confirmation, the methylene bine test for milk qual- 
ity is likely to afford better results in the hands of the average milk plant 
operator than are any of the knowm modifications of the resazurin test/’ 

P.H.T. 

15L Mold Growth in Composite Milk Samples, J. M. Frayer, Yt. Agr. 

Expt. Sta., Burlington, Vt. Pamphlet No. 2. April, 1943. 

Mold growth in composite milk samples is objectionable because certain 
types of mold elaborate enzymes which may hydrolize fat and consequently 
may lower the test as much as 0.3 to 0.4%. Mold growth also interfei^es 
with adequate sample mixing and pipetting. 

To control this problem the mold must be prevented from getting into the 
sample. This can be done by using clean methods in handling the samples, 
by thoroughly cleansing all sample bottles, stoppers and storage boxes be- 
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tween eacli sampling period, and by adequate germicidal treatment of sample 
bottles and stoppers. P.H.T. 

152. Bi-Monthly or Monthly Testing at Milk Plants. D. W. Whitman, 
R. 0. Slack, and E. 0. Herreid, Vt. Agr. Expt. Sta., Biirliiigton, 
Vt. Vt. Agr. Expt, Sta. Bid. 502. June, 1943. 

As a labor-saving measure, composite samples may be tested monthly 
instead of bimonthly provided the bottles are kept tightly stoppered and are 
stored at 50° P. or below while not in use. It is also important to keep the 
samples free from mold growth and to properly prepare the samples for 
testing. Tests conducted in a commercial milk plant supplied by 113 
patrons showed that the bi-monthly composites yielded only slightly more 
fat than the monthly composites. The preserved composite samples were 
prepared for testing by warming to 95-100° P. in a water bath at lOT-llO"^ P. 
Any adherent cream was carefully brushed loose. The samples were mixed 
by pouring four times. After pipetting, the warmed milk was |)ormitted to 
cool to 70° F. before 15 ml. of sulfuric acid at 70° P. was added to the 
sample. Mixing of the acid and milk was done in a mechanical shaking 
device. The tests were read to 0.025% but were recorded to the nearest 
0.1%. P.H.T. 


PHYSIOLOGY 

153. The Effects of Mild Hyperthyroidism on Growing Animals of Four 
Species. M. Koger and C. W. Turner. Mo. Agr. Expt. Sta. Res. 
Bui. 377. 75 pages. Sept., 1943. 

Growing animals of four species, including mice, rats, guinea pigs, and 
rabbits, were treated with thyi*6active preparations varying in amounts 
from relatively large dosages which were toxic to very small dosage which 
apparently did not affect growth or were so small in amount that it appeared 
impractical to attempt further redjiction in dosage. 

The growth rate of mice was consistently and significantly increased by 
treatment with a rather wide range in dosage (0.01 to 0.04 mg. thyroxine- 
sodium daily or 0.04 to 0.32 per cent thyroaetive iodocasein in the ration 
while maximum size attained by control and treated animals was unchanged. 
Peed intake of mice was increased by treathient. The treated animals 
stored more protein and more body weight per unit of feed consumed than 
controls while control animals were more efficient in storage of fat and 
energy. 

The effect of feeding thyroaetive iodocasein to rats was variable with 
strain and sex. There was some evidence of slight acceleration of growth 
in weight of a few females due to feeding thyroaetive iodocasein, but for the 
most part body weight was unaffected or depressed. 'The nose-anus length 
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of male rats of one strain (Spragiie-Dawley) was increased due to treatment, 
blit was not observed in any of the other animals. Male rats were less toler- 
ant of thyroactive jireparations than female. 

The growth rate of male guinea pigs ivas slightly accelerated by mild 
treatment (0.0025 to 0.0075 per cent thyroactive casein in the ration) for 
a short period of time, but the same treatment later became toxic with in- 
crease in age and arrival of w^arm iveather. Growth rate of female guinea 
pigs was not affected for a few weeks, after which time treated animals 
ceased growing and lost weight. 

Small amounts of thyroactive casein (0.0025 to 0.02 per cent of the 
ration) apparently did not affect growth of rabbits while larger amounts 
caused a depression of growth. 

The effect of thyroactive casein on the organ weight of rats was studied. 
Extremely small dosages given to males did not affect the weight of any of 
the glands or organs weighed, although the thyroids of treated animals 
showed histological evidence of inactivity. Larger dosages given to either 
sex resulted in hypertrophy of heart, liver and kidneys. The effects on 
other glands was variable with strain and sex of animals. 

The thyrotropic potency of the pituitaries of animals was markedly low- 
ered by feeding thyroactive iodocasein. 

15 figures, 26 tables, 7 pages of literature references. J.G.A. 

154. The Mammogenic Hormones of the Anterior Pituitary. II. The 
Lobule-alveolar Growth Factor, J. P. Mixner and C, W. Turner. 
Mo. Agr. Expt. Sta. Ees. BuL 378. 62 pages, illus. Sept., 1943. 

1. Mammary lobule-alveolar growth responses were secured in castrate 
virgin female mice with anterior pituitary materials injected over periods 
of time ranging from four to ten days. These responses were not very pre- 
dictable or repeatable on reassay. 

2. The simultaneous injection of pituitary preparations and a small 
amount of estrone greatly reduced the amount of pituitary required to 
secure alveolar responses and the dosages of pituitary preparations injected 
were proportional to the^per cent positive lobule-alveolar responses secured 
in groups of assay mice. 

3. In the development of an assay method for the mammogenic lobule- 
alveolar growth factor, a ten-day assay period was found to be optimal. 

4. The length of time elapsing between ovariectomy of the assay mice 
and the beginning of injection affects the mammary response secured ; the 
shorter the time, the greater the mammary response. 

5. An assay for the mammogenic lobule-alveolar growth factor was for- 
mulated. A mouse unit of this factor was defined as the amount of material 
required per mouse injected over a ten-day period to obtain minimal lobule- 
alveolar growth in 50 ±: 10 per cent of ten or more castrate nulliparous 
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female mice wlieii a total of 75 I.TJ. of estrone is siniultaiieoiisly injected. 
Injection of tlie assay animals slionld start immediately after ovariectomy 
unless they are first primed with estrogen for several days preliminary to 
the start of injections. 

6. Estrone in amounts of 40 I.U. to 133 I.IT. were found to synergize 
best with one mg. of progesterone , in stimulating mammary lobule-alveolar 
growth. Greater or smaller amounts of estrone did not give optimum 
synergism witli progesterone. 

7. Progesterone or pregneniuolone alone caused lobule-alveolar growth. 
However, five or six times as much was required as if estrogen was also 
injected. 

8. Although 2400 I.U. of estrone was able to completely inhibit the activ- 
ity of a mouse unit of progesterone (one mg.), it was unable to inhibit the 
activity of a mouse unit of a pituitary preparation. 

9. As a result of a series of experiments with progesterone, pregnenino- 
lone, pituitary extracts and estrogen, it was suggested that estrogen en- 
hances the activity of progesterone and pituitary materials in stimulating 
mammary lobule-alveolar growth by acting directly on the stromal tissue 
surrounding the mammary gland producing an increased hyperemia and 
vascularity associated with an increased permeability of the vascular sys- 
tem. This condition would allow a circulating pituitary mammogen to be 
maximally effective in causing mammary gland growth. 

10. Both estradiol benzoate and diethylstilbestrol were able to substitute 
for estrone in conjunction with progesterone in enhancing mammary lobule- 
alveolar growth. 

11. Assays of various types of pituitary extracts showed that the mam- 
mogenic lobule-alveolar growth factor is protein in nature. These assays 
also indicate that this factor is not identical with lactogen, thyrotropin or 
gonadotropin. 

12. Progesterone, pregneniuolone, desoxycortieosterone, dehydroandro- 
sterone, diethylstilbestrol, acetoxy-pregnenolone, and methyl testosterone 
ranked in the above order in their ability to stimulate mammary lobulse- 
alveolar growth. 

13. High environmental temperature inhibited the ability of pro- 
gesterone and estrone to stimulate mammary lobule-alveolar growth. This 
same high temperature was unable to inhibit the ability of a pituitary prepa- 
ration to stimulate lobule-alveolar growth. 

14. Thyroxine in suitable amounts increased by about 33% the efficiency 
of progesterone in stimulating lobule-alveolar growth. 

15. Thyroidectomy greatly decreased the efficiency of both progesterone 
and pituitaxy preparations in stimulating mammary lobule-alveolar growth. 

16. Virgin female goats injected daily with twenty or thirty mg. of 
progesterone pins 100 or 150 micrograms of diethylstilbestrol, respectively, 
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for sixty clays were stimulated to develop mammary glands similar to that 
seen in midpregiianey. Twelve days additional treatment with 0.25 mg, 
daily of dietliylstilbestrol caused an initiation of secretion in these mammary 
glands similar to that seen at the time of parturition. 

17. The response of virgin female goats to diethyl stilbestrol in regard 
to mammary lobule-alveolar growth was extremely variable. In some cases 
very slight stimulation of the lobule-alveolar system was effected while in 
others a considerable development w^as secured. 

18. Lobule-alveolar growth secured with diethylstilbestrol injections in 
goats was not histologically typical of that seen in normal laetating glands. 
The alveoli were much larger and less dense than normal laetating alveoli. 
Abnormal papillae-like structures were seen protruding into the lumina of 
the alveoli. 

19. The over-all picture of mammary gland development as affected by 
the various endocrine glands was discussed. 

20 figures, 18 tables, 6 pages of literature references. J.G.A. 

155. The Effect of Thyroxine and Dinitrophenol on Sperm Metabolism. 

Henry A. Lardy and Paul H. Phillips, Dept. Bioehem., Univ. 

Wis. Jour. Biol. Chem., U9, No. 1 : 177. 1943. 

Dinitrophenol, a substance which stimulates tissue respiration, stimu- 
lated both the glycolysis and respiration, in the presence of metabolites, of 
bull spermatozoa, but it inhibited endogenous respiration. Dinitrophenol 
inhibited sperm motility and this could be prevented, to some extent, by the 
addition of glucose, lactate, or pyruvate, 

^‘Thyroxine in 1:75,000 dilution inhibited respiration of bull spermato- 
zoa and stimulated glycolysis. Orthothyroxine, an isomer of low physio- 
logical activity, did not significantly affect either glycolysis or respiration.’’ 

A.o.a 

MISCELLANEOUS 

156. Reducing Hazards of Winter Truck Operation. B. G. Quesnbl, 

Dir. of Safety, The Borden Go. Milk Dealer, 33, No. 4 : 24, Jan., 

1944. 

The protection of life and the prevention of accidents, particularly under 
extra hazards of wunter driving when streets are icy, snovr^^ and full of ruts, 
is of first importance in the operation of milk delivery trucks. The driver 
is admonished to distribute load evenly, to keep windshield clear, avoid use 
of brakes, keep out of ruts, shift gears on hills, brake with engine, drive 
slowly and carefully and cheek motor combustion and exhaust. Extra pre- 
cautions should be taken in meeting, following, and passing other ears and 
trucks. C.S.T. 
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BOOK REVIEW 


157* Handbook for the Etiology, Diagnosis and Controh of Infectious 
Bovine Mastitis. Ival Abthur Merchant and E. Allen Packer, 
Iowa State College. Piiblisiiecl b}" Burgess Publishing Co., Minne- 
apolis, Minn. 66 pages. $1.25. 

The authors of this liancibook should be commended for their effort to 
gather scattered information regarding an important animal disease, sift out 
a great deal of cumbersome detail and concentrate the important factual 
matter between the covers of a small handbook. 

This work will be a useful addition to the libraries of teachers, students 
and practitioners. Predisposing influences, bacteriology, diagnosis, control 
and treatment of the disease are the important subjects discussed. Sufficient 
detail is included to make the work a useful guide in procedures and 
techniques. T.S.S. 

BACTEEIOLOGY 

158. Effect of Increase in Acidity on Antiseptic Efficiency. Otto Kahn 
AND Jean E. Conn, N. Y, State Col, of Agr., Cornell Univ., Ithaca, 
N. Y. Jour. Indus, and Engiii. Chem., Indus. Ed., 36 ^ No. 2: 185. 
Peb., 19M. 

Benzoic acid, salicylic acid, and sulfiirous acid are nearly a hundred 
times as efficient antiseptics in strongly acid solutions as they are in neutral 
solutions. The toxic principle of benzoic and salicylic acids is the undis- 
soeiated acid molecule. Growth of a wine yeast was completely suppressed, 
when the concentration of undissoeiated benzoic acid reached 25 mg. per 
100 ml. or when 4 mg. of undissociated salicylic acid was present. When 
sulfur dioxide dissociates in water the HSOa" ions inhibit the multiplication 
of coli but not of yeast. The rapid death of yeast is brought about by 
7 to 8 mg. of undissoeiated H 2 SOa per 100 ml. j B. coli can tolerate nearly 
ten times as much. ' B.H.W. 


BUTTER 

159. Sanitation in Buttermaking. Wendell Vincent. Amer. Butter Rev., 
5, No. 8:238-241. 1943. 

The inspector and plant operator are responsible for praetiees affecting 
sanitation within the plant as well as with the finished product. Sediment 
testing of cream is necessary and straining of cream by means of moving 
cloths rather than by in-line filters should be advised. Use of polluted water 
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and regard of pasteurization as a cover for poor sanitation are common 
offenses. Negieet in making repairs by soldering, improper care of stuffing 
boxes, poor cleansing and rinsing, and insanitary handling of blitter scraps 
result in the production of lower score butter. Cream sliipped by cream 
stations and independent buyers is of much loiver quality than that shipped 
by direct shippers in the ratio of 2:1. "While producers have been urged 
to increase quantity no one has ever urged that this be done at the expense 
of quality. P.S.L. 

160. Butter Outlook and Its Relationship to Milk Solids for Ice Cream 

for 1944. T. G. Stitts, Chief, Dairy and Poultry Branch, P.D.A., 

Washington, D. C. Ice Cream Trade Jour., 40, No. 1: 12. Jan., 

1944. 

A eoniprehensive picture is drawn by the author of the government's 
effort to apportion the available milk supply to prodiietion of the various 
dairy products required for civilian, military and lease-lend purposes. Ice 
cream manufacture is not likely to be further restricted inasmuch as the 
dairy industry will of necessity ‘dean heavily" on the ice cream, industry 
to absorb milk solids when the food emergency is over. Butter is likely to 
be short for the duration but supplies should not become much scarcer than 
at present. If milk production does not “fall off" too much and if conser- 
vation order, F D 0 79, wnrks as it should, no coupon rationing of fluid milk 
will become necessary. A huge amount of cream has been moving into cold 
storage which tends to dislocate the dairy products program. Much of this 
should ^0 into butter but it is doubtful if it was stored for that purpose. On 
the whole, the dairy products program seems to be working quite satis- 
factorily. P.J.D. 

CHEESE 

161. A Program for Maintaining Cheese Quality. G. H. Wilster, Oreg. 

State Col., Corvallis. Natl. Butter and Cheese Jour., 35, No. 2 : 16, 

Feb., 1944. 

The program reeoinmeiids : grading milk by appearance, sediment test, 
flavor, niethylene blue and curd tests ; washing, steiulizing and drying cans ; 
pasteurization of milk,- the use of an active starter; limitation of acid 
development during manufacture to conform to a making period of about 
5 hours from setting to milling; strict sanitation in factory maintenance; 
and careful curing at temperatures selected to bring out the best flavors. 

W.V.P. 

162 . Did You Ever See a Dream Working? Paul Mandt, Olsen Pub. Co., 

Milwaukee, Wis. Nath Butter and Cheese Jour., 35, No. 2: 8. 

Feb., 1944. 

A practical version of an ideal cheese factory is described and discussed. 
This well-equipped plant includes such unusual machinery as an autoclave 
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for starter cultures, a meelianically refrigerated starter can and glass hold- 
ing tubes combined with a plate-type, regenerative pasteurizer. Cleanliness 
is emphasized in plant maintenance and is accomplished by systematic 
routines, simple instructions and assignment of responsibility to individuals. 
The plant operates with dry floors during the day. Making operations are 
run ^‘by the clock because of starter control methods and pasteurizing 
efficiency. W.V.P. 

163. Some Causes of Slow Production of Acid During Cheesemaking. 

G. H. WiLSTER, Oreg. State Col., Corvallis. Natl. Butter and 
Cheese Jour., 35, No. 3 : 10. March, 1944. 

The common trouble of a starter ‘Agoing dead” may be caused by bac- 
teriophage, an unidentified agent which ^ ' eats ’ ’ starter bacteria. Phage may 
be found in sewage, faeces, pus, and the dust and whey in a cheese factory. 
It gets into starter by contamination with mist from the whey separator, 
factory air and dust. The infection may last for months in a factory. 
Phage is destroyed by treatments which destroy the organisms which it 
attacks. Prevention of phage infection may be accomplished by disinfect- 
ing the factory by spraying, by protection of starter cultures from air-borne 
phage and by preparation of starter in a separate building designed to 
exclude phage-laden air. W.V.P. 

164. A Program for Maintaining Cheese Quality. G. H. Wilster, Oregon 

State CoL, Corvallis, Oreg. Amer. Butter Rev., 5, No. 9 : 270-272, 
283-284. 1943. 

In view of the precariouvS situation in the cheese industry due to the 
manufacture in many cases of a low quality of product the author has out- 
lined and discussed rather completely nine factors important in the improve- 
ment of cheese. These are : 1, the grading of milk and rejection of poor 
quality product; 2, thorough cleansing and proper care of cans after wash- 
ing; 3, efficient pasteurization of milk; 4, proper use of a good starter; 5, 
unhurried methods of inaruifaeture with especial attention given to acid 
development; 6, sanitation; 7, curing at low temperatures and moderate 
humidity; 8, regulation of moisture and fat content through adequate and 
regular laboratory control ; and, 9, grading as a means of improvement. 

P.S.L. 


CHEMISTRY 

165. The Total Nitrogen Content of Egg Albumin and Other Proteins. 
A. C, Chibnall, M. W. Rees, and E. P. Wieliams, Biochem. Dept., 
Impeinal CoL, London, S.W. 7. Biochem. Jour., 87, No. 3: 354- 
359. Sept, 1943. 

With the development of new catalysts for the Kjeldahl nitrogen deter- 
mination, and especially with the advent of the micro Kjeldahl method, there 
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lias been a tendency to reduce the time required for digesting the sample. 
The authors feel that this has been done at the expense of accuracy, for the 
rapid digestion gives lower percentages of nitrogen than those reported by 
siieh earlier workers as Osborne and Campbell, as well as their own results 
with longer digestion periods. “With proteins and protein hydrolysates 
it is necessary to continue the heating for 8 hours or more after the digest 
has cleared. ^ ’ In reporting nitrogen determinations on proteins there should 
be more details of the procedure given, as well as some history of the treat- 
ment of the protein or its method of preparation. This may help to intelli- 
gently interpret the results. 

For casein, prepared by the method of Cohn and Hendry they report 
15.73 fc nitrogen on a moisture-free and ash-free basis. For B-lactogiobulin, 
wdiicli was twice reer^^stallized, coagulated by heat and Avashed free from 
inorganic salts and dried, they report a value of 15.58% nitrogen on a 
moisture-free and ash-free basis. 

Abstractor’s note: The term B-lactogiobulin is not frequentlj^ used in 
literature in America. There is a need for a unified vsystem of nomenclature 
in the field of the milk albumins and giohulins. The B-lactogiobulin re- 
ferred to aboA^e is apparently that fraction of the milk albumin AAiiicli Avas 
crystallized by A. D. Palmer. This is the only milk protein reported to 
liaA'e been crA^stallized to date. A.O.C. 

166. The Dicarboxylic and Basic Amino Acids of Edestin, Egg Albumin 

and B-Lactoglobulin. A. C. Chibnall, M. W. Kees, and E. F. 

Williams, Biochem. Dept., Imperial CoL, London, S.AV. 7. Bio- 

chem. Jour., 37 ^ No. 3 : 372-388. Sept., 1943. 

A detailed procedure for the estimation of dicarboxylic and basic amino 
acids is given. The method is admittedly a long one, requiring about 900 
AAwking hours, but the authors state that the results are more reliable than 
those of any method reported heretofore, accounting for all but 1.25% of the 
total protein nitrogen. The method differs from those usually used in that 
no reagent is added to the hydrolysate unless it can be quantitatively re- 
moved later AAuthout carrying Avith it an appreciable amount of protein. 

For B-lactoglobulin the percentages of the total nitrogen as the diear- 
boxylic acids glutamic and aspartic are given as 13.14% and 6.68% respee- 
tivety, while the basic amino acids are: arginine 5.95% histidine 2.69% and 
lysine 12.07% of the total nitrogen. A.O.C. 

167. Oxidative Rancidity in Edible Fats. L, R. Bryant, Ont Agr. CoL, 

Guelph, Ontario. Food in Canada, 4, No. 1 : 7. 1944. 

Atmospheric oxygen produces a type of rancidity in food fats character- 
ized by changes in color, destruction of the fat-soluble vitamins and the 
dcA^elopment of off-flaA^ors. The chemical make up determines the suscepti- 
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bility of various fats to this chemical change. Aside from the fat itself^ 
siicli factors as temperature, light, ozone, metals or the presence of anti- 
oxidants accelerate or inliibit the reaction rate. Tests for the susceptibility 
to, and degree of, oxidation are described. O.E.L 

168. The Causes, Cures and Methods of Preventing Rancidity. C. H. 

Castell, Out. AgT. Col., Guelph, Ontario. Pood in Canada, 

No. 10 : 11 ; 3, No. 11 : 11 ; 3, No. 12 : 10. 1943. 

This series of three articles deals with fat spoilage from the standpoint 
of (1) hydrolytic rancidity of non-micx'obial oiugin, (2) rancidity and off- 
flavors produced b.v yeasts, molds and bacteria of the aerobic group, and (3) 
off "flavors of a similar character produced by the bntyric-acid-forming 
anaerobes. In the first of these, the chemical niake-nx) is described 

with stress being placed on strong odors and flavors possessed by some of the 
free fatty acids. The sonrees and characteristics of the lipases are discussed 
and methods of measuring rancidity and the lipase content of foods de- 
scribed. Particular attention is given to milk and dairy products. 

In the second article dealing with microbial agencies causing food spoil- 
age it is pointed out that oxidative rancidity is often an important secondary 
reaction occurring after the fat has first been attacked by bacteria. Yeasts 
are very rarely lipolytic but most molds produce lipase. Pat-splitting bac- 
teria are numerous and widely distributed and many species grow at low 
temperatures. Members of the AlcaUgines^ Aerohaciery AcJiromol)acter^ 
Pseudomonas and SerraMa genera are of greatest importance. Some of the 
newer methods wliereby organisms of this group may be identified or counted 
are described. 

Butyrie-a(3id-for.ming anaerobes xxrodnce a type of rancidity in some 
foods entirely nnrelated to the fat content. These organisms are strict 
anaerobes, and produce heat-resistant spores. Butyric acid is one of the 
chief products produced when carbohydrates are fermented. Relatively 
few species grow in an acid medium or at low temperatures. Culturing and 
counting recpiire the use of either an anaerobic jar or growth in a corn-liver 
or cereal grass medium. Dairy products, ixartieularly some European 
varieties of clieese, sometimes develop rancid flavors as a result of the growth 
of organisms of this group. O.R.I. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

169. Improving Keeping Quality of Dry Whole Milk. C. D. Dahle and 

D. V. JOSEPHSON, Dairy Dept., Penn. State Col. Milk Plant 
Monthly, 33, No. 10 : 28-29. 1943. 

By removal of a large pei^centage of lecithin through churning and 
separating out the butter oil and through supercentrifuging the sMmmilk, 
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atiiiosplierie roll dry whole milk of good keeping* quality could be made 
from the recombined product. The X30ssibility of removing* some other i>ro- 
oxidaiit than lecithin by the supereeiitrifuging treatment was suggested by 
the great iniprovemeiit in keeping quality noted. The pre^mlent flavor 
defect oceuiTiiig in dry whole milk is of an oxidative type. CI.M.T. 

FOOD VALUE OF DAISY PEODITCTS 

170. Determination of Vitamin A and Carotene in Milk. A Rapid Ex- 

traction Procedure. Paul D. Boyer, Robert Spitzer, Curtis 
JE 2 XSEN, AND PAUL H. PHILLIPS, College of AgT., Univ. of Wis., 
Madison. “Wis. Jour. Indus, and Engiii. Cheni., Aiialyt. Ed., 16^ 
No. 2 : 101. Feb., 1944. 

The authors describe a rapid procedure for the extraction and determi- 
nation of vitamin A and carotene in milk. Two volumes of milk mixed with 
3 voliiines of alcoholic potassium hydroxide are allowed to stand for 3 hours 
at room temperature. The mixture is then extracted twice with ether and 
the vitamin A and carotene are determined by means of the Carr-Priee reac- 
tion and with the aid of an Evelyn photoelectric colorimeter. The new 
procedure was compared to the longer procedure of Olsen, Hegsted, and 
Peterson. The comparative analyses showed that with a single ether extrac- 
tion the new method oeeasioiially gave low results for vitamin A. The 
double extraction procedure which was described gave good checks with 
both pasteurized and raw milks from cows of various breeds. The carotene 
determination as given in the procedure is a measure of the total carotenoids 
in the milk. B.H.W. 

171. Determination of Vitamin A and Carotenoids in Butterfat Com- 

parison of Direct Spectrophotometry with Filter Photometry and 
Use of the Antimony Trichloride Reaction. P. P. Zcheile, H. A. 
Nash, R. L. Henry, and L. F. Green, Purdue Univ. Agr. Expt. 
Sta., Lafayette, Inch Jour. Indus, and Engin. Clieni., Analyt. Ed., 
76\No. 2:83. Feb., 1944. 

The data reported were obtained during a comparative study of methods 
for the determination of vitamin A and carotenoids in butter hj the Techni- 
cal Committee on Vitamin A Researches in cooperation with the National 
Cooperative Project on the Vitamin A Potency of Market Butters. Six 
representative samples of butterfat from sweet cream were prepared and 
analyzed by seven collaborators. This paper compares the results of the 
direct spectroscopic method used by the authors and the colorimetry methods 
used by the other collaborators. Comparison of the carotenoid content of 
the butterfats determined by the different methods showed that from the 
total of 42 determinations, only 5 deviated from their corresponding means 
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by more than 7%, the maximum deviation being 13.3%. The direct spectro- 
photometry results had both the smallest mean absolute deviation and the 
smallest maximum deviation. Comparison ot* the determinations of vitamin 
A contents showed the results from direct spectrophotometry to liave mean 
absolute and maximum deviations two-thirds as great as the over-all aver- 
ages. The antimony trichloride reaction was cojisidered the preferred 
XDhysico-chemical method available for butters contaiiiiiig azo dyes. 

B.H.W. 

172. Some Experiments on the Possible Relationship between Vitamin C 
and Calcification. Geoffrey H. Bourne, Univ. Lab. of Physiol., 
Oxford. Jour. Physiol., 102 , No. 3 : 319. Dec., 1913. 

^‘Bone salt does not appear to be deposited (except in severe scurvy) 
until there is an adequate fibrous matrix to receive it. The production of 
the fibrous matrix of bone and the deposition of bone salt are therefore 
simultaneous processes. It would seem that as long as there is suffleient 
vitamin C to produce matrix then that matrix will be calcified. The func- 
tion of vitamin C in bone formation appears to be to facilitate the produc- 
tion, not just of bone matrix, but of boue matrix impregnated with phos- 
phatase. There is no evidence that vitamin C can be regarded as a coenzyme 
of phosx)hatase in caleificatory x^rocesses. The apx)arent reduction of phos- 
phatase activity in scurvy is tlierefore probably due to a reduction in the 
amount of bone matrix produced. 

^''That it is actually vitamin C and not some associated impurity that is 
responsible for tliis is suggested by the fact that the administration of 
vitamin P (citrin) and sodium citrate did not result in the formation of 
more osteoid trabe</ulae or the deposition of more bone salt than vitamin C 
alone.” D.B. 
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173. Preparing the Cow for Milking, W. K. PETEitBEN, Prof, of Dairy 
Husbandry, ITniv, of Minn. Milk Plant Monthly, 5*^, No. 12: 
26-27. 1943. 

‘Hjetting down” of milk is the result of a j)ositive act causing tiny muscle 
cells to contract thus squeezing the milk out of the alveoli where it is made. 
This is a reflex act, spontaneous to a stimulus, which eaUvS(‘s the pituitary 
gland to secrete a hormone (oxytocin) into the blood by which it is carried 
to the mammary gland. 

The following fundamentals about the response and action of this reflex 
furnish the basis for several recommended practices: 1. Response to the 
stimulus is interfered with by any condition that distracts the cow. 2. Once 
the ‘Jet down” has occurred, it is effective for but a short p^iriod of time. 
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3. Cows inav become eoiiclitioned to let down their milk to a number of dif- 
ferent stiiimli. 4. The way a cow responds to milking is determined largely 
by training. 5. xiboiit 45 seconds are required from the application of the 
stimulus to the ^det down” of the milk 

The following 11 rules are based on these fundamentals : 1. Handle 
heifers carefully when they are first milked. 2. Avoid the unusual during 
milking. 3. Do not treat the cow roughly at any time. 4. The milker must 
be a person who does not arouse the cow’s suspicion. 5. Do not WTisli or 
massage the udders or stimulate cows in other ways to let down their milk 
before milking is to begin. 6. Milk those cows first which let down their 
milk ill response to preparations for milking. 7. Milk rapidly. 8. Do not 
practice prolonged stripping. 9. Operate milking machines according to 
the manufacturers’ directions, 10. Do not leave the milking machine on the 
cow after the milk has ceased fiowing. 11. Develop the technique of knowing 
by feel when the gland has been emptied of milk. 

For the best operation of milking machine the following 4 points must 
be observed : 1. Stimulate the cow to let down her milk about one minute 
before attaching the machine. 2. Operate the machine according to the 
manufacturer’s directions. 3. As soon as the teat enps begin crawling 
upward begin stripping by tugging dowmward with sufficient force to lower 
the teat cups part way down on the teat and at the same time stroke each 
quarter downward in snccession with the free hand. 4. Eemove the machine 
as soon as milk ceases flowing. G.M.T. 

ICE CEEAM 

174. Ice Cream with the A.E.F. S/Sgt. J. A. Kabuppo, E.T.O., England. 

Ice Cream Trade Jour., 40, No. 2 : 24. Feb., 1944. 

After mentioning the shipment of ice cream freezers, fountains, ice cream 
mix and accessories which have been authorized for distribution and instal- 
lation in the European Theater of Operations to supply Uncle Sam’s 
soldiers with fountain products which they have greatly missed, ‘‘G. I. 
Joe” tells of the ingenuity of the cooks and “K.P.’s” in improvising ice 
cream freezers and ice cream mixes under all manner of circumstances. 
«He admits that results rarely compare favorably with the ice cream to 
which they have been accustomed but are far better than none. In many 
eases arrangements have been made with local ice cream makers (who no 
longer make) to use freezing equipment, if the commissaries are able to 
provide some form of mix ingredients. ‘‘G. I. Joe” presents one cook’s 
closely guarded secret formula, revealed in a weak moment, as being com- 
posed of : evaporated milk, powdered milk, water, sugar, powdered eggs, 
corn starch and a little salt. The eoneoetion is brought to a boil, cooled 
and frozen. F.J.D. 
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175. Pooling Cabinet Service. W. H. Sneath, William Neilsoiij ' Ltd., 

Toronto, Canada. lee Cream Trade Jour., 40 , No. 2 : 30. Peb., 

1944. 

A pooled service for elieeking, adjusting and repairing refrigerated 
cabinets belonging to Canadian ice cream manufacturers is explained. Tbe 
system was applied tlirouglioiit the country by establishing zones, and all 
prices for parts, mileage rates, hourly wages, etc., were made uniform for 
each zone. One company was made responsible for all services in each zone 
and while the yearly records have not been compiled and summarized, there 
is little question but what tremendous savings have been achieved in gaso- 
line, tires, mobile equipment, manpower and in the avoidance of break- 
down. It is emphasized that successful operation of such a cooperative ser- 
vice can only be obtained through the confidence and cooperation of tlxe 
entire personnel as xvell as the organizations involved. P.J.D. 

176. Sherbets — What About Their Future? V. M. Rabufpo, Ice Cream 

Trade Jour., Nexv York City. Ice Cream Trade Jour., 40, No. 2; 

16. Peb., 1944. 

With ail estimated production of 75,000,000 gallons of sherbets and ices 
forecast for 1944, the author reviews the experiences of the ice cream in- 
dustry during 1943, pointing out the errors made in ^^forcing^^ these prod- 
ucts on dealers as a result of PDO-8 rather than preparing the way by a 
selling’’ campaign. Opinions and experiences are cited and the potentiali- 
ties pf sherbets and ices in the post war picture are stressed. It is pointed 
out that much progress has lately been made in improving the quality of 
sherbets and ices and since there is a strong possibility of continued ration- 
ing of milk solids, for a period, of time after the war, it is suggested' that the 
industry should attempt to eoiTect its recent error by engaging in an ex- 
tensive effort to sell consumers on the goodness” and palatability of these 
milk-sol ids-sparing products. Sherbets and ices play too vital a role and 
represent too large a volume to be neglected. The situation is a challenge 
to the ice cream industry. P.J.D. 

177. The Bacterial Content of Shell Eggs. C. K. Johns, Bact. and Dairy 

Research, Dorn. Dept, of Agr., Ottawa, Canada. Pood in Canada, 

3 , No. 12 ; 15. 1943. 

Bacteria count limits were incorporated into the 1943 Canada-Great 
Britain dried egg contracts. To learn whether or not shell eggs contribute 
materially to the count of the powder, bacterial numbers w^ere determined 
on whole eggs by smearing 1/2000 g. loopfuls of mixed egg on tryptone 
glucose extract milk agar slants. Ninety per cent of the 348 eggs examined 
gave counts under 10,000 per g. with only one egg in excess of 500,000 per g 
The eggs were all 2 months old when examined. O.E.I. 
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178. Concrete in Ice Cream Plants. Lawrence Flynn. Ice Cream Fields 

43 , No. 1. Jan., 1944. 

Floors which give the best service in food plants must have a top surface 
which w^ears well and resists the attacks of fruit juices, sugar solutions, and 
lactic acid, the author states. 

Floors with porous surfaces are much more readily affected by acids 
and sugar solutions than are those with impervious surfaces. Special treat- 
ments can be employed to make porous surfaces practically impervious. 

Dairy and ice cream plant floors are subject to hard usage and should 
be heavy duty concrete floors. The following basic principles are listed as 
essential in producing wear-resistant floor finishes: 1. Use only suitable, 
clean materials. 2. Use not in excess of 4|“5 gallons of mixing wmter |)er 
sack of cement. 3, Avoid segregation^^ resulting in free water and fine 
material on top surface. 4. Keex) concrete damp as long as possible. At least 
a week is required for normal Portland cement and three days when high 
early Portland cement is employed. 

The importance of selecting suitable aggregate material and the use of 
proper proportions of ingredients as well as employing the proper methods 
and procedures are stressed. To avoid cracking of floor surfaces the author 
suggests the use of light wire mesh, 4x4 inch, No. 10 gauge wdre w^eighing 
31 pounds per 100 sq. ft. near the middle of the top or wearing coimse, and 
to avoid severe wear it is considered important to have as much coarse aggre- 
gate as possible near the surface. 

T'wo methods are described for treating floor surfaces in order to make 
them impervious. One treatment consists in the application of warm lin- 
seed oil, China'wood oil, or soy bean oil. To assist penetration the first coat 
should be thin (equal parts of oil and turpentine or other thinner). A 
second application can be given with a greater proportion of oil to thinner 
after the first coat has dried. A second method is the application of paraffin. 
It should have a melting point of 150° F. and should be applied as a paste 
prepared by melting 4 parts paraffin with 1 part turpentine and 16 parts 
toluol. Apply with brush and allow to penetrate 24 hours, keeping the 
floor warm; then polish with polishing machine. 

Directions are also given for re-surfacing old floors after chipping away 
the old concrete to a depth of 1 inch. W.C.C. 

MILK 

179. Influence of Temperature in Open and Closed Truck Hauling. 

C. M. Pesck, Dairy and Food Dept., Minneapolis, Minn. Amer. 

Blitter Kev., 5, No. 9 : 27^276. 1944. 

Eoof temperature under the same conditions was 16° lower on a cab 
made from aluminum-painted wood than on black iron. During each stop 
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roof temper^itiire increased 6°. Cans of cold water and cream appreciably 
affected the temperature in the truck, lowering* it to 70° when the outside 
temperature at the start was 92°, and 97° at the end of the trip. 

With an open triiclv and cans covered with a canvas the temperature on. 
the floor of the truck was 85° wlien the cans were first loaded and 88° on 
arrival at tlie creamery. Outside temperature was 86° at the start of the 
trip, 94° at the end. Temperature varied with the wind direction and did 
not steadily decrease as in the closed truck. Acidity of the cream sharply 
increased in the canvas-covered open truck. In the original article an 
accompanying table gives detailed results. P.S.L. 

180. Testing Homogenized Milk. S. T. Coulter, Univ. of Miim., Minne- 

apolis, Minn. Amer. Milk Eev., 5 , No. 12 : 382. 1943. 

The method previously proposed by J. C. Marquardt of the New York 
(Geneva) Agricultural Experiment Station was given several trials at the 
Minnesota Dairy Department and gave fairly satisfactory results. The 
method developed is one of modifying the ordinary Babeodv procedure. 

P.S.L. 

181. Bad Flavors in Milk. E. S. Guthrie, Cornell Univ., Ithaca, N. Y. 

A'mer. Milk Rev,, 5, Nos. 11 and 12: 338-346, and 372-385. 1943. 

This article combines in an interesting and helpful manner the experi- 
mental work of many writers as regards flavors that may occur in milk;, 
together with a disenssion of conditions favoring their presence and con- 
trolling the degree to which they are present. Those discussed more fully 
are feed, rancid, lipolytic, those due to fat content and to treatment of milk, 
as homogenization, oxidized, metallic, cooked, disinfectant, and absorbed 
flavors. P.S.L, 

182. Milk — Dairy Products Problems. Leland Si^ENCER, Cornell Univ., 

Ithaca, N. Y. Amer. Milk Rev., 5, No, 9 : 276-282. 1943. 

More milk has been pi'odii(*,ed yearly than on the average for 1935-9 
but demaud has been much greater than production. The military has 
taken 19% of the production ordinarily available. As (compared with 
1935-9, consumption by civilians was lower in 1942 by 7% but up 10% for 
fluid milk, 13% for canned milk, 14% for cheese, and 67% for ice cream. 
Besides these demands there are those of the export market. Price ceilings 
and shortage of labor and feed have added to production difficulties. Price 
regulations have caused in many cases price maladjustments that become 
disruptive. To cushion to as great extent as possible the effects of the proba- 
ble shortage this fall the author suggests six remedies : 1, adjustment of price 
ceilings in markets operating at a disadvantage ; 2, confine shipment of milk 
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witliiii 500 mile distances; 3, grant priority to milk witliin its own milk slied ; 
4, ban all sales of cream if necessary ; 5,, limit fluid milk sales if necessary ; 

ration milk but only if absolutely necessary and as a last resort. P.S.L. 

183. A Portable Resa^zurin Outfit. J. G. Davis, Natl. Inst, for Ees. in 

Dairying, Sliinfield, Reading. The Milk Indus., 24, No. 6 : 47. 

Dee. * 1943. 

A portable test kit has been developed for the application of the resazurin 
test in the field. The outfit is essentiallj^ designed for use on the farm and 
in small dairies. A picture of the apparatus and carrying ease is shown and 
list of items contained in the apparatus is given. 

It is advantageous to use the portable resazurin outfit directly after 
milking as positive results on freshly-drawn milk indicate the presence of 
body cells or a mastitis ciondition. The more severe the mastitis the quicker 
is the dye reduced or changed from bine to iiink. It is also advantageous 
to run the resazurin test on the mixed herd milk as it comes into the plant, 
for resazurin reduction in such milk would probabl}- be due to bacteria. 

For quick resazurin tests on the farm the sample can be milked directly 
into the test tubes after removing the foremilk. It is recommended that 
individual quarters be tested. The rennet test is recommended for use in 
conjunction with the resazurin test. The methods for performing 'these tests 
are outlined. 

Very bad samples will reduce resazurin rapidly and fail to clot with 
rennet. If a sample clots slowly with rennet but does not reduce resazurin, 
it may indicate a past history of mastitis. A change of color of resazurin 
without slow clotting may indicate an incipient infection which should 
receive treatment at once. 

The following advantages of testing cows for abnormal milk are listed : 
a. Economic advantages. Infected cows are inefficient converters of food 
to milk. b. Danger of low solids-not-fat. The writer claims that the resa- 
zurin-reiinet test can be correlated closely with solids-not-fat content. 

c. Danger of infecting other cows. The resazurin test may pick out bad 
cases of infection which may be segregated or disposed of or milked last- 

d. Effect on bacterial count. Abnormal milk usually increases bacterial 
count of mixed milk from herd. e. Effect of abnormal milk on manufacture 
of milk products. Abnormal milk produces weak body and slow starter in 
cheese manufacture. 

The test can be used to good advantage in checking animals that are being 
purchased for addition to the herd. H.P. 

184. Interpreting Bacterial Counts to Producers. 0. A. Ghiggoile, Chief, 

Bur. of Dairy Serv., Calif. State Dept, of Agr. Milk Plant 

Monthly, 32, No. 10 : 26-27. 1943. 

The responsibility of producing good milk rests with the producer, who 
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slioiild be instructed in a non-teclnical language about bacteria, their mode 
of entry into milk, their rate of anultiplication, and the cleanliness and care 
of dairy equipment. The manner in which the producer is approached will 
do much in bringing about coopration in producing a better grade iiiillc. 
Once the producer realizes and accepts his full responsibility in producing 
high quality milk with a low bacterial count, he will be proud of his accoiii" 
plishment. G.M.T. 

185. How to Prevent and Remore Milk Deposits. Lewis Shere, Pres., 

The Diversey Corp. Milk Plant Monthly, 32, No. 11 : 32, 34, 39, 40. 

1943. 

Milk stone is a complex homogeneous mixture of organic and inorganic 
substances which adhere tenaciously to dairy equipment. It is unsightly, 
may cause off-flavors, interferes with heat transfer and is a source of high 
bacteria counts. The amount md composition of milk stone is influenced 
by : 1, the speed with wdiich the milk flows through the equipment ; 2, the final 
temperature to w’^hich the milk is heated ; 3, the amount of milk handled ; 4, 
type of dairy product handled; 5, type of equipment used; 6, hardness of 
the water; 7, nature of cleaners and sterilizers; and 8, time of rinsing. 

Milk stone formation may be minimized by: 1. Rinsing the equipment 
with cold water; 2. Cleaning equipment thoroughly every day; 3. Rinsing 
the cleaning solution from the e([nipment ; 4, Using chlorine sterilizers rather 
than heat ; 5. Preventing eorrosioa of equipment. 

Accumulated milk stone may be removed effectively and efficiently by 
using an acid-type product, following the manufacturer’s directions. Pre- 
cautions should be taken that the equipment is not damaged. G.M.T. 

186. Interpreting Bacterial Counts to Producers. Walter D. Tiedeman, 

Chief of Bur. of Milk Sanitation, N. Y. State Dept, of Health. Milk 

Plant Monthly, 32, No. 10 : 25-26. 1943. 

Bacterial examination of milk is done primarily to improve the quality 
of tlie raw milk supply. Interpretations of the bacteria count should be 
made in a language tlie ])ro(lncers understand by one who appreciates the 
limitations of the laboratory tests. Since there is no advantage in reporting 
figures, the reporting of the following classes of bacteria is suggested: 
class 1—200,000 or less; class 2— from 200,000 to 1,000,000; class 3 — over 
1 , 000 , 000 , 

Milk falling in class 1 is satisfactory ; that in class 2 needs improvement ; 
while that in class 3 calls for immediate and definite action, 

A similar classification of cell counts is suggested as follows: cells 
4^ = 500,000 or less per ml.; cells -H-^from 500,000 to 5,000,000; cells -'HH- 
= over 5,000,000. 
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A two-plus cell count might be interpreted as indicating the presence of 
mastitis in the herd, while a three-plus cell count is more definitely an indi- 
cation of mastitis particularly wdieii accompanied by long chain streptococci. 
The teehiiieian should help the dairyman by observing the type of bacteria 
and suggesting their significance. Repeating counts after nnsatisfactory 
reports have been reported to see whether the report has been translated into 
action is good practice. G.M.T. 


PHYSIOLOGY 

187. The Blood Volume of Normal Animals. F. C. Courtice. Jour. 

Physiol., iOA No. 3: 290. Dec., 1943. 

The blood volume of 30 goats has been estimated with the blue dye 
T-1824. The mean plasma volume was 53 cc. per kg. body weight and blood 
volume was 70 ec. per kg. The blood volume of goats as well as that of 
rabbits, dogs and horses is proportional to the body "weight and not to sur- 
face area. The effect on blood volume of stage of lactation or productivity 
is not mentioned. The author does state that the blood volume of four 
highly trained greylioimds was much higher due to a higher cell volume. 
The blood volume depends upon the bulk of the animal tissue, especially 
muscle, and not upon the rate of metabolism. D.B. 

188. Lipolysis and Fat Absorption. A. C. Frazer, Physiol. Dept., St. 

Mary’s Hosp. Med. School, London, and the Pharmacol. Dept.,, 

Univ. of London. Jour. Physiol., 102 , No. 3: 329. Dec., 1943. 

The ingestion of neutral fat normally leads to a eharaeteristie appear- 
ance of the intestinal cells, to milkiness of the lacteals, to a marked systemic 
lipemia and to deposition of fat in the fat depots. The addition of potent 
lipase to the ingested neutral fat causes small instead of large grannies to 
appear in the intestinal cells, the lacteals remain almost clear, the systemic 
blood shows but a slight lipemia, and the deposition of the fats is much 
decreased. The portal blood and liver, ^vhieh show only slight changes 
after neutral fat ingestion, exhibit marked lipemia and deposition respec- 
tively if lipase is added to the neutral fat. The results following the inges- 
tion of neutral fat and lipase are thus similar to those seen after the ad- 
ministration of fatty acid. It is possible to suppress almost completely the 
post-absorptive systemic lipemia by the addition of lipase to the standard 
fat-containing meal. Lipolysis should be regarded as a determining factor 
in the fate of absorbed fat and possibly as a means of providing essential 
raw materials for the synthesis of lecithin and the formation of soaps. 

The complete inhibition of lipolysis by a long chain sulphate, sodium 
cetyl sulphate, in rats, does not prevent triglyceride absorption. D.B. 
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189. Differentiation in the Absorption of Olive Oil and Oieic Acid in the 
Rat. A. C. Feazee, Physiol. Dept., St. Maiy’s Hosp. Med. School, 
London, and the Pharmacol. Dept., Univ. of Birniiiigham. Joiir. 
Physio]., 102 , No. 3 : 306 . Dee., 1943 . 

According* to the author view, lipolysis is only partial in the intestinal 
tract of the adnlt rat, and hydrolysis of the triglyceride molecnle is not 
regarded as an essential preliminary to its absorption. Patty acid passes 
by the portal vein to the liver, while neutral fat goes by the lymphatic route 
to the systemic blood and thence to the main fat depots to be stored for 
future use. Stained fatty acids fed over a period of 10 days result in no 
staining of these areas, but rather, appear in the liver. The degree of 
lipolysis is, thus, a determining factor in the immediate fate of absorbed 
fat. D.E. 
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ABSTRACTS OF LITERATURE 

BACTERIOLOGY 


190. Simple Multiple-Loop Method Speeds Bacterial Counts. Andrew 

MolbavaNj Pure Milk Co., Montreal, Canada. Food Indus., No. 

6 : 56. June, 1943. 

Tlie author states that plate counts are time-consuming. ' In order to 
simplify bacteria estimates a modified Myers-Spence procedure is described. 

It involves using a loop and melted cooled nutrient agar. Thus the 
operator is given a chance to do many determinations with a minimum of 
effort. 

The apparatus is described. Loop and pipette accuracy is discussed, 
including a method for calibrating the loop with a 0.01-ml. pipette. 

J.C.M. 

191 . Research Finds Substitute for Bacteriological Agar. W. B. Baier 

AND T. 0. Manchester, Ontario. Food Indus., 15 , No. 7 : 94. 

July, 1943. 

A shortage of agar has caused investigators to search for a substitute for 
bacteriological agar. As a result, a pectinous material, sodium ammonium 
pectate, has been used successfully in some of the most commonly emi^loyed 
solid media. 

Culture media for plates and slants, particularly counting plates con- 
sidered here, demand a gel-producing constituent which meets very exacting 
specifications. Other gel materials have been suggested and some have been 
used in special applications, but agar has been and still remains the standard 
gel-forming agent for bacteriological culture media. 

The article gives formulae for making the substitutes for agar for milk 
work. Details are given for using the substitute tor agar. J.C.M. 


CHEESE 


192. New Way to Dehydrate Cheese. George P, Sanders, U.S.D.A., 
Washington, D. G. Food Indus., 15 , No. 10 : 80. Oct., 1943. 

American eheddar cheese usually contains more than 33% water, removal 
of which would reduce the weight by at least one-third, and would also make 
it possible to compress the cheese into a smaller volume. These savings are 
important under wartime shipping and storage conditions, and therefore the 
commercial dehydration of cheese has been undertaken. 

Under the new method, which is applicable to any type of hard cheese, 
only properly cured cheese, selected with particular attention to flavor, and 

A 9 l 
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tlioronglily cleaned, should be used. This is blended as in the manufacture 
of process cheese. The subsurface portion of the rind, if clean and edible, 

can be iiseci in tlie blend. 

Tile antlior gives details of diying and compressing. Uses and qiialitj?' 
as affecting the process are clisenssed. The author feels that the laboratoiy 
successes deem a comniereial trial as being desirable. J.C.M. 

CHEMISTKY 

193. Chromatographic Determination of Carotene in Alfalfa. L. W. 

Charkey and H. S. "Wilgus, Jr., Colo. Agr. Bxpt. Sta., Fort Col- 
lins, Colo. Jour. Indus, and Engin. Chem., Analyt. Ed., 16 ^ No. 3 : 
184. Mar., 1944. 

Three important factors may cause errors in the determination of caro- 
tene in plant tissues. There may be oxidative losses of carotene, errors due 
to incomplete extraction from tlie tissue or incomplete separation of caro- 
tenes from other pigments. The chromatographic method described in this 
report, supported by experimental data, avoids these sources of error. The 
method includes an enzyme inactivation and sample storage procedure, 
making possible the collection and preparation of large numbers of samples 
on fixed dates. The chromatographic technique was modified by converting 
the adsorption column to an adsorption filter which avoided losses of 
adsorbed carotene. B.H.W. 

194. Yeast Microbiological Methods for Determination of Vitamins. 

Pantothenic Acid. Lawrence Atkin, AYilliam L. Williams, 
Alfred S. Schultz, and Charles N. Prey, Fleischmann Labs., 
Standard Brands, Inc., New York, N. Y. Jour. Indus, and Engin. 
Cliem., Analyt. Ed., 16, No. 1 : 67. Jan., 1944. 

Pantothenate is determined by adding an extract of the unknown to 5 ml. 
of basal pantothenic acid-free medium in a test tube, heating, then cooling 
and inoculating the tubes with 1 ml. of the yeast, Saccharomyees carls- 
iergensis. The tubes are shaken at C. for 16 to 18 hours and the yeast 
growth is estimated by turbidimetric measurements made directly on the 
tubes with the photoelectric colorimetex*. The basal medium contains am- 
monium sulfate as a nitrogen source and in addition sufficient asparagine 
to prevent interference due to B-alauine. Extracts of substances to be 
assayed are prepared by aqueous extraction under pressure (15 pounds for 
15 minutes) at pH 5.6 to 5.7, by enzyme digestion at the same pH, or by 
enzyme digestion followed by aqueous extraction (15 pounds for 15 min- 
utes). The choice of extraction method depends upon the substance, since 
some have pantothenate in a bound form whereas others do not. The results 
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of assays of a nuiiibei^ of substances including pasteurized milk, dry skim 
milk and whey compare favorably witli results obtained by other methods. 

B.H.W. 

195. Quantitative Determination of d-Galactose by Selective Fermenta- 

tion with Special Reference to Plant Mucilages. Louis B. Wise 
AND John W. Appling, Inst, of Paper Chemistry, Appleton, Wis. 
Jour. Indus, and Bngin. Chem., Analyt. Ed., 18 ^ No. 1: 28. Jan., 
1944. 

A method is described which permits the determination of small amounts 
of d-galactose in the presence of mannose, glucose, fructose, xylose, arabinose 
and glucuronic acid wdth an accuracy of 92% to 98%. It depends on differ- 
ential fermentations with two yeasts, Saecharomyces carhhergensis which 
ferments galactose and S. hayaniis which does not ferment galactose. The 
yeasts have little effect on xylose, arabijmse or glucuronic acid. The reduc- 
ing values of galactose, mannose and d-gliieurone were determined by the 
Munson-Walker method. Tlie fermentation techniques were successfully 
applied to the hydrolysis products of pure lactose and certain plant muci- 
lages. B.H.W. 

196. Determination of Vitamin A and Carotenoids in Butterfat. Spectro- 

scopic Characteristics of Butterfat Fractions and Problems In- 
volved in Biological Interpretations. F. P. Zscheile, R. L. 
Henry, J. W. White, Jr., H. A. Nash, C. L. Shrewsbury, and 
S. M. Hauge, Purdue Univ. Agr. Expt. Sta., Lafayette, Indiana. 
Jonr. Indus, and Engin. Chem., Analyt. Ed., 16, No. 3 : 190. Mar., 
1944. 

Butteiffat samples produced under different dietary conditions were 
studied by the direct spectroscopic method. Total carotenoids were esti- 
mated and ultraviolet measurements were made on the unsaponified fraction. 
Curves of the total carotenoids and of the carotene fraction from a series of 
butters were compared with tliat of p carotene. Corresponding curves of the 
unsaponifiable fraction in the ultraviolet region were compared with that of 
vitamin A. Effects of clarification, adsorption, acid extraction, and freezing 
upon the curves were studied, as well as various factors affecting the relia- 
bility of the experimental procedures. No clear-cut relationships could be 
established as a result of attempts to correlate spectroscopic and biological 
values. The feed of the cows had a great influence on the nature of the 
carotenoids presenf in the butterfat. There should be more extensive purifi- 
cation of the vitamin A fraction for the successful application of direct 
speetrophotometr,y to the determination of vitamin A in butterfats. 

B.H.W. 
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197. Fatty Acid Monoesters of l-Ascorbic and d-Isoascorbic Acids as 

Antioxidants for Fats and Oils. R. W. Ribmensohneider, J. 

Turer, P. a. AYells, and AYaldo C. Ault, Eastern Regional Res. 

Lab,, U. S. Dept, of Agr., PliiladelpMa, Pa. Oil and Soap, 21^ No. 

2 : 47. Feb., 1944. 

Patty acid moiioesters of 1-aseorbie and d-isoascorbic acids were found to 
liave aiitioxygeiiie activity in fats and oils. These substances were found 
to counteract the deleterious effect of traces of soap on the stability of fats. 
In combination with eitlier otAoeoplierol or phospholipids or both, the 
ascrobyi moiioesters exhibit marked synergistic antioxidant effect. Postula- 
tions as to the cause of synergistic phenomena are x)resented. J.L.H. 

198. The Antioxidant Properties of Nordihydroguaiaretic Acid. AY. 0. 

Lundberg, H. 0. Halvorson, and G. 0. Burr, Univ. of Minn., Min- 
neapolis. Oil and Soap, 21, No. 2: 33. Peb., 1944. 

The antioxidant properties of nordihydrogiiaiaretie acid in lard are 
described. This phenolic-type inhibitor was obtained from a common desert 
plant {Larrea divarieata). Nordihydroguaiaretic acid exhibited synergistic 
action with ascorbic acid but not with a wheat germ concentrate containing 
40% of mixed tocoplierols. The effectiveness of the antioxidant in stabilizing 
lard is to some extent carried over into baked products (pie crusts). 

J.L.H. 

199. Formation and Decomposition of Peroxides of Unsaturated Fat 

Esters. R. P. Paschke and D. H. AA^heeler, U. S. Regional Soy- 
bean Industrial Products Lab., LTrbana, 111. Oil and Soap, 21^, No. 

2:52- Peb., 1944. 

The influence of temperature on the formation and decomposition of 
peroxides of unsaturated fat esters (distilled methyl esters of soybean fat 
acids) was investigated. The curves of decrease of iodine value and iuerease 
in peroxide value were found to parallel each other in the early stages of the 
reaction. As the temperature of oxidation increased above 35° C., the lower 
was the level at wliieli the curves deviated and the lower tlie maximum 
peroxide value attained. At 15° and 35° C. the same maximum of peroxide 
values was observed, and at this point the value obtained was approximately 
30% of w^hat it would be if all the double bonds destroyed were converted 
to peroxides- The speed of decomposition of peroxides became progressively 
greater as the degree of oxidation increased. The rate of decomposition or 
disappearance of peroxide was found to agree best with that of a himolecular 
reaction but definite exceptions were observed. 

Investigation of reaction time and effect of oxygen on the determination 
of peroxides by the acetic acid-potassinm iodide method, showed that a one- 
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hour reaction time in the absence of oxygen was necessary, especially on 
samples of high peroxide content. J.L.H. 

200. The Fluorescence of Chlorophyll in Fats in Relation to Rancidity. 

C. S. French and W. 0. LundberOj Univ. of Minn., Minneapolis, 
Minn. Oil and Soap, 21 ^ No. 1 : 23. Jan., 1944. 

The '‘‘'chlorophyll value as a measure of the keeping quality of oil 
was investigated. According to theory the color change was due to the 
"queueing’’ of the chlorophyll fluorescence by the transfer of exeitational 
energy from chlorophyll molecules to acceptor molecules contained in the 
fat. 

It appears that tbe disappearance of chlorophyll fluorescence in ultra- 
violet light is due to the absorption of the light by the cottonseed oil and to 
the intense white fluorescence of the oil itself rather than to a chemical 
reaction of some constituent of the oil with the excited chlorophyll. The 
lack of correlation between either the peroxide value or the conventional 
stability measurements and amount of cbloropbyH fluorescence in the fats 
used makes the "chlorophyll value” test "appear to have doubtful value as 
a generally applicable test for fat rancidity or stability.” 

The absorption of near ultraviolet light by oxidized fats may be related 
to their content of fat peroxides. J.L.H. 

201. The Use of Refractive Index Measurements in Fatty Acid Ester 

Analysis. Karl F, Mattil and Herbert E. Longenecker, Univ. 
of Pittsburgh, Pittsburgh, Pa. Oil and Soap, 21 , No. 1: 16. Jan., 
1944. 

The determination ot* the comi^osition of fats and oils is usually aeeom- 
j)lished by tlie fractional distillation of their mixed methyl esters and the 
analysis of tlie separated fractious. When packe<l columns are used, frac- 
tions coutainiug not more than two adjacent liomologous components can be 
obtained, Tlu^ tiandions can llieu be analyz(Hl for composition by tlie use 
of simnltaneous e(juations based on the saiionifieation eipiivalent, tlie iodine 
value and tlie thiocyanog<m vahie. Two inherent difficulties of the method 
are, (a) the ac.euraey with which the analytical constants must be deter- 
mined and, (b) the small size of certain fractions (0,1 to 0.2 grains). 

The linear relationship that exists between the refractive index and the 
composition of a mixture of adjacent homologous methyl esters makes it 
possible to use the index as a tool in the calculation of the composition of 
unknown mixtures. For precise work it is necessary to use a refractometer 
where the fifth decimal can be estimated and where the temperature can be 
controlled or known to a few hundredths of a degree. One important ad- 
vantage of the method is that the analysis can be completed soon after the 
fraction is taken from the column. J.L.H. 



A96 ABSTRACTS OF LITERATFRE ON MILK AND MILK PRODUCTS 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

202. Compressing Spray-Dried Milk to Save Shipping Space, B. H. 

\Yebb and C. F. Hupnagel, U. S. Dept. o£ Agr., Wasliingtoii^ D. C. 

Food Indus,, 15 , No. 9 : 72. Sept., 1943. 

Studies show that as niiieh as 42% o£ the space occupied by dried milk 
can be saved by compression, 245c by jolting. Milks subject to different 
maiiiifaeturing conditions, however, may vary widely in their compression 
characteristics. 

Important savings in the amount of shipping space taken up by spray- 
dried milk can be attained by compression and by jolting or bumping in 
wartime packaging operations. The savings in space effected by compres- 
sion may be expected to range from approximately 21% for compression in 
a small package at a pressure of 500 lb. per square inch to 42% for die com- 
pression at 3,200 Ih. per square ineh. Jolting may be expected to save 11% 
of the space in a bulk package and 24% in a small package. 

The details of both procedures are given, and the advantages listed. 

J.G.M. 

203. Removal of Oxidizing Factors Makes Dry Whole Milk Keep. 0. D. 

Dahle and D. V. JosEPHsoN, Peiiu. State College, State College, 

Pa. Pood Indus., 15 , No. 11 : 76. Nov., 1943. 

Wliole milk powder can be treated in processing so as to remove pro- 
oxidant constituents which make it subject to oxidized or tallowy flavor. 
The product then has excellent keeping qualities and should satisfactorily 
meet present requirements. 

That whole milk powder develops a stale oxidized flavor after some weeks 
or months of storage is a fact which has hindered this product from gaining 
wide acceptance. But the present war has focused attention again on dried 
whole milk because huge amounts are purchased by the military and lend- 
lease authorities. No doubt it will prove to be in great demand, even after 
actual fighting stops. 

The authors feel that oxidation of dried whole milk can be improved 
when better procedures are available to do on a large scale these things which 
were achieved in a laboratory. J.C.M. 

ICE CREAM 

204. Conserving Milk Solids. J. H. Ebb, The Borden Co., Columbus, Ohio. 

Ice Cream Trade Jour., 40 , No. 3 : 20. March, 1944. 

It is pointed out that considerable improvement in the quality of ^ ^ war- 
time ice cream is possible, without the substitution of cereal products for 
lacking milk solids, if the manufacturer makes use of present knowledge and 
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oives close attention to eacli step of processing. The following suggestions 
are made : 

Superheated condensed milk should be used rather than unsuperheated, 
and frozen condensed milk should be avoided. Efficient homogenization is 
very important. Low solids mixes should be aged 24 hours. The proper 
quantity of a good stabilizer should be used and it should be handled to get 
the maximum benefit from it. Mix should be quickly frozen to as stiff a 
consistency as possible and hardening should be rapid. P.J.D. 

205. Velva Fruit — A New Frozen Fruit Dessert. H. J. Loefelbr, West- 

ern Eegional Ees. Lab., U.S.D.A., Albany, Calif. Ice Cream Trade 

Jour., iO, No. 3 : 16. Mareli, 1944. 

The author describes a new frozen dessert made from fruit purees. The 
name ‘Welva Fruit’’ is suggested to distinguish the new product from ices 
and sherbets. Suitable purees can be prepared from a large number of 
different fruits and some blends. The whole, fleshy, fruit is used in pre- 
paring the purees which may then be frozen for distribution to the manu- 
facturer, or they may be used without freezing if kept cold and utilized in 
a relatively short time. 

To the puree is added sugar, gelatin and perhaps citric acid if the fruit 
is not sufficiently tart. The amount of sugar is varied somewliat with the 
sweetness of the fruit and about 0.6% of gelatin is usually required. The 
mixture is frozen in ice cream equipment to approximately 100% overrun, 
Several formulas are given. 

^ Welva fruit” differs from ices and sherbets in that the fruit solids and 
juice account for 60% of the finished product as compared with about 20% 
where the fruit is used primarily as a flavor. The overrun is also consider- 
ably higher but the extra fruit solids prevent excessive fluffiness. ^ Welva 
fruit” melts somewhat slower tlian ice cream but has similar body or dipping 
qualities at similar temperatures. P. J.I). 

206. An Excess Solids Method for Calculating Ice Cream Mixes. Alan 

IjEtaiiTON, Bur. of Dairy Indus., Washington, D. C. Ice Cream 

Rev., ^7, No. 3: 24. Oct., 1943. 

The author has worked out a variation of the serum point method for 
calculating ice cream mixes. This method uses the water content of the mix 
and dairy products, instead of their serum as the reference medium. The 
method is explained in detail with examples. J.H.E. 

207. Use of Whey Solids in Ice Cream and Sherbets. Alan Leighton, 

Bur. of Dairy Indus., Washington, D. C. Ice Cream Rev., 57, No. 

6 : 18. Jan., 1944. 

Whey solids from Cheddar cheese whey was used in experimental ice 
cream mixes to replace varying percentages of serum solids. In the case of 
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10 % butterfat and 8% serum solids mixes, 1.6% of wliey solids could be 
substituted witli uo detriment to quality. 

Wlieii wliey solids were added to mixes to raise tlie total solids content 
there was marked improvement in body and texture. No undesirable flavors 
were noted. 

The experiments indicated that -whey solids could be used advantageously 
in w^artinie ice cream. 

Sherbets in which whey solids were used in place of normal milk-solids- 
iiot-fat were not noticeably different from the controls. 

"When using liquid whey it should be pasteurized to inactivate the rennet 
and thus avoid coagulation. J.H.E. 

208- Merchandising Ice Cream in War Time. Geo. W. Hennerich, lee 

Cream Merchandising Inst., Washington, D. C. Ice Cream Rev., 
No. 3 : 70. Oct., 1943. 

The idea is expressed that ice cream merchandising is needed now more 
than ever. A program of merchandising must be carried out that will keep 
consumer interest in ice cream until consumer demand can again be supplied. 

J.H.E. 

209. Quince Seed Extract as an Ice Cream Stabilizer. Gideon Hadary 

AND H. H, Sommer, Univ.. of Wis. Ice Cream Rev., 26, No. 11: 22. 

June, 1943. 

The properties of quince seed water extx*act as a stabilizer for ice cream 
have been studied and compared with those of gelatin. Quince stabilizer 
Avas found to dissolve readily in ice cream mix at a very wide range of tem- 
peratures. The action of quince upon mix viscosity was immediate, in con- 
trast to gelatin Avliieh causes an increase with time. Mixes stabilized with 
0.032% quince developed much less viscosity than similar mixes stabilized 
with gelatin. 

Quince stabilized ice cream did not melt as uniformly as did those 
stabilized AAuth gelatin. 

At the present time quince seed must be imported and its high cost makes 
prohibitive its use as an ice cream stabilizer. J.H.E 

MILK 

210. Safeguarding the Public Milk Supply in War Time. C. J. Babcock, 

Major, Sanitary Corps, Army Service Forces. Milk Dealer 33, 

No. 6 : 31-32, 72-74. March, 1944. 

The pi oblems involved are the same as in peace time but complicated in 
thatloss of enforcement personnel, population shifts, establishment of army 
camps, lack of processing machinery and availability of milk have been 
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retarding factors in supplying adequate and safe milk for particular states, 
cities and towns. Importation of milk from outside sources frequently 
involved lowered quality standards which the Army, through the Surgeon 
General and the Quartermaster General charged with safety of Army milk 
supplies, could not condone. A system of joint control and cooperation 
between the Army and local control authorities has largely solved the prob- 
lems involved and assured botli. Army and civilian personnel of a safe milk 
supply — made possible by importation of milk from areas of greater produc- 
tion and by extending local milk sheds. 

Lack of sufficient control officials has made routine farm inspections diffi- 
cult if not impossible. Greater emphasis must therefore be placed upon 
platform inspection and rigid plant control of all processing methods such 
as daily pasteurization and B. coli tests to insure safety. ^‘Tlie dairy in- 
dustry has not been forced (in the past) by regulations to improve the 
quality of milk, other than that used for fluid purposes. Herein lies the 
big problem of obtaining greater satisfactory supplies of milk for fluid use 
due to general lack of quality in milk used for processing other dairy prod- 
ucts — a postwar as well as an immediate problem if the dairy industry is to 
survive. The need of better butter quality is cited as an example if markets 
temporarily lost to butter substitutes are to be regained after the war. 
Local polities, lack of knowledge in control officials and slipshod inspection 
methods attest to lack of adequate control in many sections — sufficient in 
some eases to j ustif y complete Army control to the exclusion of local control. 
The aulhor stresses tbe need of qualified and specially trained milk control 
officials in every community and not merely the drafting of milk ordinances 
whereby a Grade A cap may be placed on a bottle of milk. Tribute is paid 
to the milk industry for the job it has done in producing a safe milk supply 
under mai>y handicaps and in creating milk drinking habits in our soldiers. 
^‘This milk drinking Iiabit will return with the soldier to the civilian and 
the per capita consumption of milk will be higher than ever before in his- 
tory/’ O.S.T. 

211. Preventing Defects in Bottled Milk and Cream. E. L. Pouts, Dairy 

TechnoL, Agr. Expt. Sta., Gainesville, Pla. Milk Dealer, 33^ No. 

5 : 29-30, 62-64. Feb., 1944. 

The preventing of defects in bottled milk and cream has always been 
of vital importance in dairy plants. Under wartime conditions, extra prob- 
lems are added to dairy plant management and merit closest attention. 
Listed as added problems for maintenance of quality are: (1) New milk 
supplies from producers not before qualified to sell milk for fluid consump- 
tion. Lack of proper equipment and information on production and han- 
dling of such milk needs careful study and cooperation on part of dealers 
and regulatory officials. (2) The problem of inexperienced employees in the 
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plant complicate the milk plant's problem. Special instruction and short 
•courses for new workers are siig‘g*ested as a remedy. ( 3 ) Lack of equipment 
and replacement machinery affect possible defects of milk and cream. Ee- 
tiiining* and careful cheek and repair of all machinery is essential. (4) Less 
frequent delivery, while advantageous from cost of deliA^’ery standpoint, 
necessitates extra care in providing milk and cream free from flavor and 
physical defects. Flavor defects to guard against under wartime conditions 
are (1) oxidized flavor and rancidity, (2) bacteriological contaiiiiiiations 
through lack of proper care from cow to container, (3) eoliforni organisms 
and (4) poor keeping quality. Eternal vigilance in all processing and 
handling steps will do much to control and reduce such defects in bottled 
milk. The defects to avoid in bottled cream of 19% are (1) cream x>lng, 
(2) oiling off, (3) feathering and (4) lack of viscosity. To avoid, use fresh 
cream, handle carefully, heat and cool rapidly, age 24 hours at 35 to 40"^, 
and bottle and sell promptly. C.S.T. 

212. Postwar Milk Distribution Possibilities. E. J. Mati-ier, Exec. Vice- 

Pres., National Dairy Products Corp. Milk Dealer, 33 ^ No. 35: 

33-^34. Feb., 1944, 

‘'More people are drinking more milk’’ than ever before in the United 
States. This increase has been brought about by the boost given milk con- 
sumption by the Army, defense plants, lend-lease and nutrition specialists. 
Tomorrow’s problem is to preserve our present per capita intake of milk. 
The author stresses need of emphasizing the distinctive flavor of milk as 
inherent in milk from healthy cows fed correctly and the milk kept free from 
contamination from the cow to the table. Proper equipment for so pro- 
ducing and handling milk on the farm should therefore be stressed in the 
dairy equipment supply field. The responsibility of retaining wartime con- 
sumptive demands in postwar period is up to the farmer, the supply man 
and the processor of milk and milk products with economies of present pro- 
duction, procurement, processing and distribution continued and further 
reductions in manufacturing costs, labor and in equipment to the greatest 
extent. Then will volume be niaiiitained at lower costs but still at a profit. 

C.S.T. 

213. Influence of Cooling Methods on Bacteria in Milk. T. G. Anderson 

AND John E. Nicholas, Penn. State Col. School of Agr, Bui 454. 

Sept, 1943. 

The milk used in this study was that produced by the college herd. 
Initial temperature of the milk at the time it was inserted in the cooler 
varied from 80.5'’ to 96° F. with an average of 90° P. Temperature 
measurements of the milk and cooling water w^ere made with thermocouples. 
When cooling milk with well or spring water it is necessary that the w-ater 
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temperature not rise higher than 50° F. to produce satisfactory results. 
Eiinning water should have a temperature of 48*° or less. A¥heii using iee 
at least five pounds per gallon of milk are necessary. Ninety per cent of 
the bacteria in milk are concentrated in the cream layer, two hours after 
milking. The bacteria remain evenly distributed throughout in the ease 
of homogenized milk. P.H.T. 

214, Milk and Cream Nomograph. D. S. Davis, Wyandotte Chemicals 

Corp., Wyandotte, Mich. Food Indus., 15 , No. 12 : 75. Dec., 1943. 

This is a graphic interpolation of data on the dependence of solids-not-fat 
and specific gravity on butterfat percentages in milk and cream. J.C.M. 

215, Morale on the Milk Route. Vijrgil M. Benedict, David’s Dairy, 

Sturgis, Mich. Milk Dealer, 33 , No. 5 : 26, 66-68. Feb., 1944. 

Morale is defined as ^^that something which urges one to give all that 
he or she has^to achieve an objective.” The author lists five points, honesty, 
reliability, business acumen, fairness and pride, as essential on the part of 
the employers of milk route salesmen if success in selling milk is to be 
attained. Without these qualities coupled with high morals and character 
the owner of a milk plant will, be unable to build and sustain a high morale 
in the employee engaged in distributing and selling the company’s prod- 
ucts — ^milk and good will. C.S.T. 


MISOELLANEOITS 

216, Maintaining Equipment at Peak Efficiency. B. B. Savey, Borden’s 
Dairy and Ice Cream Co., Columbus, Ohio. Milk Dealer, 33 , No. 
6:104-112. March, 1944. 

Proper maintenance reduces repair and requires careful plaimiug, coop- 
eration and a ‘Mollow-up” together with rigid adherence to operating 
manual of each piece of equipment as furnished by the manufacturer and 
a control system and record of all lubrication, repairs needed or effected, 
breakdowns or elianges made. The factors to consider and stress in main- 
taining peak efficiency in a dairy plant are (1) proper and careful cleaning 
of all equipment by all employees; (2) care and repair of pasteurizers; (3) 
clieek gauge, packing, oil, valves and drive on homogenizers ; (4) check float 
control, temperatures and scale accumulation on all coolers; (5) pumps 
should be regularly inspected for packing, gaskets, couplings, covers, pipe 
connections and motors; (6) clean, oil, check load, keep covered, rewind and 
overhaul all motors regularly; (7) check wear, grease, gears and replacement 
parts on all gear boxes; and (8) thoroughly cheek and inspect all ammonia 
compressors and condensers in order to avoid a slow-up or breakdown in 
refrigeration system. Eternal vigilance with all equipment is the keynote 
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of eoiitiniiecl operation under wartime conditions in every dairy products 
plant. C.S.T. 

217. Aerodynamic Fly Control. Gerald E. Zich, N. J. Dept, of Agi\^ 

Trenton, N. J. Milk Dealer, 33y No. 6: 29. Marcli, 1944. 

A inetliod wliereby a current of air, g'enerated by a quarter-liorsepower 
motor blower placed over each doorway, chute or opening is directed downi- 
wnrd to curtain the entire opening is described. The air is trained by the 
angle of a metal flange and then deflected outward at the bottom, blowing 
the fly or insect back into space instead of into the bottling plant. Dia- 
grams illustrating installation and operation accompany article on this fly 
control measure said to be effective in eliminating flies in dairies and in milk 
plants. C.S.T. 

218. Postwar Planning in the Dairy Industry. Merrill 0. Maughan. 

Milk Dealer, 33, No. 6 : 76-82, March, 1944. 

Changing conditions brought about by the war will force the dairy indus- 
try to face many new problems. The things to expect as an aftermath of 
tvar are listed as follows: 1. Great excesses of goods in all fields with resul- 
tant increased competition between industries and between individual con- 
cerns. 2. Decreased earnings and reduced working hours, cushioned how- 
ever by accumulative shortages in many consumer goods. 3. Continued gov- 
ernment control of many industries to better effectuate diversion from war 
to peace status. 4. High consumption for dairy products due to increased 
emphasis upon nutritional value of all dairy products and upon increased 
demand of soldiers returning to civilian life '‘sold'’ on the value of dairy 
products. 5. Continued high taxes will prevail. 6. Strong labor unions 
will continue as a factor in all industries. 

‘ ' Postwar planning should become postwar preparedness. ’ ’ Suggestions 
for the dairy industry to adopt now are as follows : 1. Plan for extensive 
promotion of all dairy products — a National Dairy Council unit in every 
state and principal market. Plan for both domestic and foreign markets. 
2. Plan for extensive research to develop new uses, marketing methods and 
advertising. 3. Plan for more group action by forming and supporting 
strong trade associations. 4. Retain good features of war-imposed restric- 
tioiis and eliminate bad of pre-w^ar practiees, 5. Stress quality for all dairy 
products. 6. Provide for utilization of surplus fluid milk. 7. Return to 
the realm of economic reality. 8. Plan for greater efficiencies in procure- 
ment, labor, processing and sales. 9. Improve our relations with the public. 
3.0. Think ill teinis of the welfare of the entire industry. ^^Dets keep faith 
wuth each other and in our democratic form of Government.” C.S.T, 
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219. Some Suggestions for Keeping Those Trucks Rolling. J. N. Bau- 

man, White Motor Co. Ice Cream Rev., ^ 7 ^ No. 6 : 21, Jan.., 1944. 

Three fundaniental things must be carried out if trucks are to be kept in 
efficient operation. These are (1) adequate and correct maintenance, (2) 
availability of parts when needed, and (3) proj^er care of truck equipment 
by the driver. J.H.E. 

220. Manual of Dairy Detergents and Cleaning Practices. M. E. Paeker, 

Beatrice Creamery Co., Chicago, 111. Pood Indus., 15 , No. 7 ; 78. 
July, 1943. 

The attributes and shorteoinings of the various types of dairy washing 
compounds are cited and directions for cleaning cream cans, separators and 
farm utensils are given. 

Effective cleaning of cream transport cans, separator parts and farm 
utensils is not attained by the mere nse of washing compounds and chemical 
sterilizers. The purpose of any dairy cleaner is to prepare dirt, milk solids 
and grease for its subsequent detachment by brushing and its final elimina- 
tion by rinsing. 

As with many tilings about wliich dairymen have little exact knowledge, 
many dairy washing compounds sometimes are invested with magical powers. 
Their function is to remove dirt and grease. This is all any good cleaner 
can do. Differences in price may be based on the different qualities and 
combinations oL* the chemicals used, and other materials added to combat 
hardness in water or to give the cleaner some special character. 

Selecting the right cleaner would be a simple matter if soft water were 
available everywhere. The degree of hardness in water varies in different 
parts of the country, even from town to town in some sections. 

The various kinds of washing componnds available for dairy cleaning 
purposes may be classified generally as follows: 

1. Tlie alkalies and alkaline salts, siicli as caustic soda, sodium meta- 
silicate, trisodium jiliosphate, sodium carbonate and bicarbonate of soda, or 
various mixture>s of such chemicals. 

2. The acid materials used for watei-stone and milkstone removal, such as 
inhibited muriatic acid (hydi'ochloric acid), phosphoric acid, tartaric acid, 
as well as the new acid cleaners .for general cleaning developed within recent 
years. 

3. Natural materials such as wetting agents which rely on neither acidic 
or alkaline properties in their use. 

4. The w^ater-conditioning chemicals commonly referred to as the poly- 
phosphates, which in general have no marked detei'gent characteristics but 
do have special properties in the compounding or application of effective 
cleaner mixtures, nevertheless. 
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5. Miscellaneous materials such, as abrasives, metal clotli, and so forth, 
'which are used as ineehanical aids with or without cleaning compounds. 

J.C.M. 

22 L Whafs Ahead for Private Motor Trucks? Joseph B. Eastman, 
Dir., Office of Defense Transportation. Milk Dealer, Jd, No. 5 ; 31, 
88-89. Feb., 19M. 

Three factors stand out in private motor truck transportation. (1) 
Dependency of domestic economy and war effort on motor truck transpor- 
tation, (2) The extent of loss of rubber for truck tires. (3) Competition 
of private trucks for wartime equipment, repairs and tires. In 1941, 700,000 
motor truck units were sold as compared with 100,000 units in 1942 and 1943 
but illustrates the complicated problems involved in continuing to operate, 
maintain and conserve motor truck transportation in the face of increased 
demands. Office of Defense Transportation’s certificate of war necessity 
records shows a 20% mileage saving in truck operation despite increased 
demands. Private trucks have accomplished great savings by elimination 
of extra delivery, by consolidation of routes, greater loads, etc., and have 
effected in individual cases as much as 40% savings. These savings have 
not been made by all private trucks and a plan is made for 100% coopera- 
tion if private motor trucks are to continue to carry their fair share of war- 
time hauling. C.S.T. 

222. Mechanical Treatment Destroys Insects in Foods. E. S. Stateler, 
Food Indus., New York City. Food Indus., 15, No. 7: 82. July, 
1943. 

Under peacetime conditions, the estimated annual loss of $600,000,000 
is an exorbitant toll to pay in food and grain supplies because of insect 
infestation. Under present conditions, that loss, which may become even 
greater because of handling, storage and shipping difficulties, is more serious 
than the mere monetary value involved. 

The article contains procedures and precautions which are of value to 
anyone interested in processing food materials. . J.C.M. 
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223. Biochemistry o£ the Fatty Acids — And Their Compounds, the 
Lipids. W. E. Bloor, Prof, of Biochemistry and Pharmacology, 
Univ. of Rochester, Rochester, N. Y. Reinholcl Publishing Co., 
New York, 1944. 

The author has made a distinct contribution to the biochemical field in 
this monograph because he has brought together in one volume the present 
information concerning the fatty acids and their related compounds. The 
organization of the material is well carried out. Chapter I. Chemistry: 
Descriptive and Analytical, covers Classification of Lipids, Physieo-ChemL 
cal Conceptions of the Lipids, and Macro and Micro Methods under Methods 
of E^tamination of Tissue Lipids. Chapter II. Digestion and Absorption, 
comprises Nutritional Availability of Fats, Lipid-splitting Enzymes, Fat 
Digestion, Absorption of Fats, and Digestion and Absorption of Other 
Lipids. Chapter III. Lipids of the Blood, contains such items as Normal 
Basal Levels of Blood Lipids, Changes in the Post-absorptive Level Produced 
by Food, Variations in Blood Lipids in Normal Lipids, Effect of Abnormal 
Conditions on the Blood Lipids, Infections, Mental Disease, Organic Dis- 
eases, and Effect of the Lipids of the Blood on its Properties. Chapter IV. 
The Lii)ids in Tissue, lists Data on Tissue Lipids, Tissue Lipids in Abnormal 
Conditions, Nature and Function of Tissue Lipids, Lipids of Plants, and 
Lipid of Microorganisms. Chapter V, Lipid Metabolism, is devoted to meta- 
bolic and catabolic features, such as Physiological Synthesis of the Lipids, 
Intermediary Metaliolism and the Role of the Liver, Catabolism of the Fats, 
Ehit Metabolism in tlu* Developing Embryo, and the Vitamins in Lipid 
Metabolism. The last chapter, Chapter VI. The Lipids of Secretions and 
Excretions, tak(‘S up vuuler E\)od for the Elmbryo and Young Organism, The 
Placenta, Milk a,ud Eggs. In addition Lymph and Cliyle, Cerebrospinal 
Fluid and Bile are consideri^d, and finally Excretions. Eaeli chapter is fol- 
lowed by an extensive bibliography varying in length from about three to 
seven and one-half pages. L.M.D. 


BAITPPdRIOLOGY 

224. The Burri Slant Technique in the Food Industries. C. K. Johns, 
Dept, of Agr., Ottawa. Food in Canada, i, No. 3 : 17. 1944. 

A test first described by Burri in 1928 cair he often used to examine dairy 
products and other foods, in place of more expensive and complicated 
methods. The medium recommended is tryptone glucose skim milk agar 

Al()5 
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■\ntli broin-cresoi purple added. Tlie use of au additional 0.5% agar is sug- 
gested and au oval ratlier than a round tube may be preferable. The size of 
the inoeiilatiiig loop mav be varied to accommodate the number of organisms. 

O.R.I. 

225. Few Bacteria in Canadian Eggs. C. K. Johns, Dept, of Agr., Ottawa. 

Pood in Canada, 4, No. 4 : 16. 1944. 

This author had preAiousbv reported on the numbers of bacteria found in 
storage eggs. The present study was done on fresh eggs and indicates that 
low counts are commonly found. Of 219 eggs examined, 77% had counts 
of less than 100 organisms per gram. O.R.I. 

CHEMISTRY 

226. The Antimony Trichloride Method for the Determination of Vita- 

min A. G. H. Benham, McGill Uiiiv., Montreal. Canad. Jour. 

Res,, R. a^a^,No. 2:21 1944. 

A critical description of the antimony trichloride method for the determi- 
nation of vitamin A is presented. Low values for vitamin A result from : 

(1) Incomplete extraction from the alcoholic soap solution by using 
petroleum ether instead of ethyl ether. 

(2) Incomplete separation of the layers during extraction and washing. 

(3) Incomplete filtration through anhydrous sodium sulfate. 

If strict attention is paid to details of procedure, tlie method gives con- 
sistent results. Uncertaint 3 " in regard to the exact factor for converting 
the E values to international units makes it impossible at this time to state 
accurately the absolute values. It is pointed out that this in no way detracts 
from the usefulness of the ehemicai test. O.R.I. • 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

227. Concentrated Dairy Products. J. L. Perlman and A. H. Robertson, 

Dept, of Agr. and Mkts., Albany, N. Y. 17th Ann. Rpt. N. Y. State 

Assoc. Milk Sanit, p. 43, 1943. 

The use of neutralizers to conceal inferior quality products in concen- 
trated dairy products is an old practice that is deploi’able. Neutralizers are 
used alone and in combination with sirups, stabilizers, flavors, etc. Special 
consideration is given to frozen desserts. Methods of detecting neutralizers 
are not simple and one of the best known is the Hillig method based upon the 
alkalinity of the ash. Data are presented on frozen desserts to show that 
this method detects as little as 0.05% sodium bicarbonate in milk and 0.1% 
in heavy cream. A.C.D. 
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228. Bovine Brucellosis. Akonymous. Univ. of III, Col. of Agr, Cir. 

573. 4 pages. Mai eh, 1944. 

Tliis leaflet lists nineteen “dont’s’’ to be observed in developing and 
maintaining a milking herd free from Brucellosis (Bang’s disease). 

J.G-.A. 

229. Vitamin-D Deficiency in Dairy Cows. Gr. C. Wallis. S. Dak. Agr. 

Bxpt. Sta. Bui. 372. 16 pages. March, 1944. 

Symptoms, causes, and treatment are outlined in some detail. 

How much vitamin-D clefl<jiency there is in dairy cattle is not known. 
Cows on pasture during the summer ordinarily build up vitamin'-D reserves 
due to exposure to the direct rays of the sun. When they are then fed dur- 
ing the winter on sun-eured roughages high in vitamin D, they probably 
receive more than 12,000 to 15,000 International Units of vitamin D daily. 
These amounts are about enough, according to studies by the author. How- 
ever, even then milk prodiicticui, calving records, and general health might 
be improved during the winter by some additional vitamin D. 

On the other hand, tliere are undoubtedly many times when roughages 
low in vitamin D are fed. The^i when spring comes, cases of mild vitamin-D 
deficiency and lowered genera] health and producing ability may occur. 

Further information is ii.eeded to determine the vitamin-D content of 
various roughages and the degree of vitamin-D deficiency that may exist in 
dairy cows in winter. Until tlis information is available, a farmer will do 
well to be sure that his cattle get generous amounts of sun-cured hay and that 
they are exposed to simshine often, particularly during the sumnier. 

J.G.A. 

230. A Bromthymol Blue Field Test for Bovine Mastitis. Francis J. 

Hallinan, N. Y. State Dept. Health, Albany. 17th Ann. Rpt. 
N. Y. State Assoc. Milk Sanit., p. 121, 1943. 

The usual procedure for detecting mastitis by the bromthymol blue 
method is subject to certain errors that can be corrected. The author pre- 
sents a simple procedure for field test using reproducible permanent stand- 
ards prepared from Munsell color papers. A.C.D. 

231. Augmenting War-time Milk Production by Converting Cows Con- 

demned for Mastitis to Useful Three Teaters. P. W. Graves, 
N. Y. State Dept, of Health, Albany. 17th Ann. Rpt. N. Y. State 
Assoc. Milk Sanit., p. 11, 1943. 

Under war-time conditions much milk is lost unnecessarily by condem- 
nation of three-teated cows. such cows can be saved, there will be a better 
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opportunity to cull unprofitable cows. The Federal Meat Inspection Service 
does not condemn tlie entire carcass because one area is infected; the same 
policy can hold true for milk inspection. 

If a quarter is infected, it should be dried up. If it dries up well it may 
never milk again. There is also the chance that it may give good milk when 
the cow freshens. If completely dry the tliree-teater is a safe cow. If the 
iiifeeted quarter discharges milk it should be treated by a veterinarian to 
diw it permanently. This is done by passing the fumes of 4 ounces of ether 
directly into the infected quarter and after one month removing such 
material as can be withdrawn by milking. The quarter will be permanently 
dry. A.C.D. 

FEEDS AND FEEDING 

232. Single Grains and Grain Mixtures as Supplements to Alfalfa Hay 

and Silage for Milk Production. J. R. Dawson, A. L. Watt, 

C. W. McIntyre, R. E. Leighton, and R. R. Graves. IT. S. Dept. 

AgT. Cir. 696. 11 pages. Feb., 1944. 

At each of three field experiment stations, two groups of four cows each 
were fed unlimited quantities of alfalfa hay and silage throughout their 
lactation periods of 365 days. In addition to this basic ration of roughage, 
one group of cows was fed a single grain — ground barley, ground corn, or 
ground kafir — at the rate of approximately 1 pound to each 6 pounds of milk 
they produced. The other group w^as fed a grain mixture, at approximately 
the same rate, which consisted of four to six different grains, grain by-prod- 
ucts, and high-protein concentrates. 

The cows receiving the single-grain ration had somewhat better breeding 
records during the experiment, gained more weight, and produced 95% as 
much butterf at as tbe cows on the mixed-grain rations. However, the results 
were not consistent and the difference in production therefore is probably 
not significant. 

This experiment does not indicate the relative value of a siiigle-graiii 
ration and a mixed-grain ration when the roughages are so restricted that 
a large proportion of the nutrients must he furnished by the grain part of 
the ration. It does show that where cows have an* opportunity to consume 
as much good hay and silage as they like, it makes little difference whether 
the additional nutrients they require are obtained from a single grain or a 
mixture of several grains and grain by-products. 

At current market prices the cost of the feed required to produce a pound 
of butterfat averaged slightly less for the single-grain rations than for the 
mixed-grain rations. J.G.A. 

233. Carotene Requirements for the Maintenance of a Normal Spinal 
■ Fluid Pressure in Dairy Calves, L. A. Moore, M. H. Berry, and 
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J. F. SykeSj Dairy Dept., Uiiiv. Maryland, College Dark, and Dept. 

of FiiysioL, Mieh. State Col., East Lansing. Jour. Nntr., 26 , No. 

6 : 649-658. Dec., 1943. 

Two groups of calves (Holstein and Ayrslnre) were used to study the 
ainoiiixt of carotene required to maintain a normal spinal fluid pressure. 
One group was located at East Lansing, Michigan, and the other at College 
Park, Maryland. Alfalfa meal was used as a som^ce of the carotene supple- 
ment. Ophthalmoscopie observations were made periodically. Blood plasma 
vitamin A and ascorbic acid values were also determined. 

An intake of 66 niierograms per kilogram of body weight during the 
winter months is about the minimum requirement for carotene for Holstein 
and Ayrshire calves when spinal fluid i3ressure is used as a criterion. Be- 
cause of individual characteristics, plasma vitamin A or carotene values will 
not distinguish between variations of carotene intakes of 62 to 75 micro- 
grams per kilogram of body weight. C.P.H. 

234. The Use of Urea in Making Silage from Sweet Sorghum. A. E. 

CuLLTSON, Miss. Agr. Expt. Sta., State College, Miss. Jour. Anim. 

Sei., 3 , No. 1 : 59-62. Feb., 1944. 

Silage made from freslily cut sweet sorghum treated with about 10 
pounds of urea per ton was compared wuth a lot untreated. The addition 
of urea speeded up the rate of fermentation, saved carotene and produced 
a silage wuth greater titratable acidity. 

In a feeding trial wuth beef cows the urea-treated silage proved more 
palatable than the untreated. The eow^s that received the nrea-treated silage 
maintained their weight while the untreated lot lost 47 pounds over a 78-day 
period. The urea-treated lot of cows were inueli better in appearance. 

C.P.H. 

235. The Effect of Fat upon the Digestion of Nutrients by Dairy Cows. 

II. L. Lucas and J. K. Loobli, Cornell Ilniv., Ithaca, New York. 

Jour. Anim. Sei., 3 , No. 1 : 3-11. Feb., 1944. 

Two series of digestion trials using Holstein cow^s wun*e conducted whtb 
rations of varying fat contents. In series one, there w^as no difference in the 
apparent digestibility of rations containing 1.6 and 2.6S^ ether extract. 

In series two, using soybean products as the sole concentrates, rations 
containing 1.0 and 7.0% of ether extract w^ere studied. The crude fiber and 
nitrogen-free extract of rations containing soybeans and solvent extracted 
soybean oil meal pins corn or soybean oil w^ere less digestible than where the 
rations contained solvent-extracted soybean oil meal. The ether extract of 
rations containing soybean oil meal plus oil or fatty acids was more digesti- 
ble than the ether extract of ration containing soybeans. 
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The ration coiitaiiiiii^' soybeans caused a marked increase in fat percent- 
ag'e witli practically no ehan<>*e in milk production. On the other luuul, the 
rations containing- either oil or fatty acids caused a pronounced decrease in 
milk fioM, with little chan^-e in fat percentage. C.F.II. 

FOOD AAVLUE OF J)AIRY PliODlJCTS 

236. Further Studies on the Comparative Value of Butterfat, Vegetable 

Oils, and Oleomargarines. E. K. Boutwell, R. P. Geyer, C. A. 
Blvehjem, and E. B. Hart, Dept, of Biochein., Uuiv. of AVis., 
Madison. Jour. Nutr., 26, No. 6 : 601-609. Dee,, 1943. 

AATieii lactose was the sole earbob.ydrate in the diet, rats showed superior 
growth with butterfat or lard as compared to corn oil, coconut oil, cottonseed 
oil, soybean oil, peanut oil, olive oil and hydrogenated cottonseed oil. AAdien 
a mixture of earboliydrates composed of sucrose, starch, dextrose, dextrin 
and lactose was in the diet, the average growth of the animals fed vegetable 
oils was equal to that of the animals fed butterfat or lard. 

Properly fortified oleomargarine fats gave growth equal to butterfat 
over a period of 6 weeks with the above mixture of carbohydrates. Butterfat 
was superior to fortified oleomargarine when lactose \vas the sole carbohy- 
drate in the diet. C.P.TI. 

237. Studies of the Comparative Nutritive Value of Fats. I. Growth 

Rate and Efficiency of Conversion of Various Diets to Tissue. 
H. J, Deuel, Jr., E. Movitt, L. P. Hallman, and P. Mattson, 
Biochem. Dept., Univ. Southern Calif., Los Angeles. Jour. Niitr., 
^7, No. 1 : 107-121. Jan., 1944, 

In three series of tests using male and female rats for periods of 6 to 12 
weeks, the following fats were compared : a butterfat or whole butter, corn 
oil, cottonseed oil, or margarine fat or a whole margarine, olive oil, peanut 
oil or soybean oil. The basal diets used consisted of mineralized skimmed 
milk powder, with vitamins A, D and B. In one series whole butter and 
margarine were flavored by the addition to the fats of 4 parts per million of 
diacetyi. 

In general the rats preferred a butter diet to one containing the vegetable 
fats. There was no difference, however, in the growth of weanling rats over 
a 12-week period when they wmre fed mineralized skimmilk powder, vitamin 
supplements and butter as compared with corn, cottonseed, olive, peanut or 
soybean oils or margarine. Also, the efficiencies of conversion of these vari- 
ous fats to, body tissue were identical. The authors concluded that these 
results refute the idea that butterfat possesses certain saturated fatty acids 
not present in other fats, which are essential for growth. C.P.H. 
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238. Frosted Foods and the Ice Cream Industry. R. M. Lambeth, GitukI 

Rapids Cabinet Co. lee Cream Field, IS, No. 4 : 34, 54, 56. 1944. 

Tlie aotbor states that the first year following* the war 150,000 iee cream 
cabinets Avill be bnilt. He further predicts that there will be a buyer for all 
the cabinets jiroduced for five years following the war. This prediction is 
made on the basis that a lioioe freezer or stoi-age cabinet is practical, eco- 
nomical and a convenient way to preserve foods. 

It is stated that the jiast year has seen a large increase in demand for ice 
cream cabinets for the storage of frozen foods — many have been bought for 
the purpose of putting up ‘‘victory’’ garden products. 

It is predicted that eventually “frozen foods will dominate the food 
held,” and that the greater availability of cold storage cabinets will influence 
the future methods of distribution of ice cream. 

It is claimed that there are 7,500 locker plants in the United States with 
3,250,000 individual lockers which serve 3,000,000 families. 

When restrictions on deliveries and equipment are removed the aiithoi* 
expects tliere will be a marked increase in frozen food activity, including 
home delivery of such foods. He claims the dairy industry and especially 
the ice cream industry, has a distinct advantage in this field. W.C.C. 

239. The Melt Test B. I. Masurovsky, Res. Ed. Ice Cream Trade Jour., 

40, No. 4: 48. April, 1944. 

A melt test, useful for determining characteristics of ice cream stabilizers 
is described and. illustrated by photographs. In the test illustrated, 0.35% 
alginate was compared with 0.15% soluble soya lecithin. The latter pro- 
duced a slower melting ice cream as indicated by less drainage and longer 
maintenance of shape. P.J.D. 

240. Injecting Pectinized Syrups, Ices or Sherbets into Ice Cream. R. E. 

HamiIjTON, (hevelaud Ice Cream Co., Cleveland, Ohio. Tee Cream 
Trade Jour., iO, No. 4 : 30. April, 1944. 

' A.me(duinical injecting device is described for automatically incorpo- 
rating various flavoriug syrups, usually containing fruit or chocolate, into 
ice cream as it comes from a continuous fteezer and moves toward the 
packaging point. A similar device is described for the injecting of previ- 
ously frozen ices or sherbets into iee cream. The author uses a continuous 
freezer for pumping the material to be rippled, but notes that there is a 
pump on the market which should be capable of doing the job satisfactorily. 

P.J.D. 

241. Quality in Sherbets. Samuel Sabel. Ice Cream Trade Jour., 40, 

No. 4:29. April, 1944. 
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Tlie aiitlior issues a warning to ice cream inaiiufactiirei\s against a very 
common practice lie lias noted in all sections of the country during a recent 
business tour of the nation. The xjractiee is that of concocting so-called 
sherbets from whatever materials are available when milk solids quota are 
exhausted merely to provide dealers with something to sell. In the author ^s 
opinion^ this is a great mistake and one which not only reacts against future 
sherbet sales but will cause loss of confidence in the manufacturer which will 
carry over into the post-war period. He finds the more far-sighted niann- 
factiirers ceasing manufacture until the next period when it is not possible 
to manufacture to at least minimum standards. F.J.D. 

242. Dried Whole Egg Powder. VIII. An Improved Fluorescence 

Method and Some Factors Affecting the Measurement. J. A. 
Pearce, M. W. Thistle, and Margaret Reid, Natl. Res. Labs., 
Ottawa. Canad. Jour. Res., D. 21, No. 11: 341. 1943. 

This laboratory had previously x'eported a method for assessing egg 
powder quality by determining the fluorescence of a potassium chloride 
extract of the defatted powder. (See Jour. Dairy Sci. Abs., A220, 1943.) 
In order to save time and reagents the test has been modified as follows: 
2.5 gm. of egg powder is defatted with three 25-ml. portions of chloroform ; 
after drying at room temperature for about 1 hour, 1 gm. of the defatted 
powder is shaken for 30 minutes -with 100 ml. of 10% sodium chloride solii-' 
tion, filtered, and the fluorescence of 15 ml. of the filtrate determined in the 
photofluorometer. 

Increasing the temperature of the extraction raised the fluorescence 
values but pH changes between 4.6 and 8.9 caused no significant effect on 
results. O.R.I. 

243. Dried Whole Egg Powder. IX. Effect of Drying Conditions on 

Quality. A. H. Woodcock and Margaret Reid, Natl. Res. Labs., 
Ottawa. Canad. Jour. Res., D. 21, No. 12 : 389. 1943. 

Liquid whole egg w^as spray-dried in a small laboratory drier at various 
rates of flow of liquid egg and at different inlet and exhaust air tempera- 
tures. Quality of the powder as assessed by chemical methods, palatability 
and baking tests, was progressively improved as the exhaust air tempera- 
tures w^ere lowered. Inlet air temperatures above 225° F. had a deleterious 
effect. Lowering the drying temperature, however, had an adverse effect 
on the rate of production. O.RJ. 

244. Dried Whole Egg Powder. X. The Effect of Added Substances on 

the Keeping Quality. Jesse A. Pearce, A. H. Woodcock, and 
N. E. Gibbons, Natl. Res. Labs., Ottawa. Canad. Jour. Res., F. 22, 
No. 2: 34. 1944. 
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Dried whole powders, treated with a luiniber of siibstaiices prior to 
dryjL^*, were stored at temperatures from 75*" F. to 118° F. Deterioration 
in quality was assessed by fluorescence measurements, supported in some 
instances by palatability tests. 

Fiiorescence <le\'eIopiuent in powders containing sodium eiiloride in eoin- 
bination with citlier citric or lactic acid was more rapid than in the control 
powder. The effect was less marked when any of these substances was used 
alone. The addition of 15% sucrose was more effective in inhibiting fluores- 
cence development at 75° F. than at 99° F. but had no effect at 118° F. The 
addition of 0.2% sodium bicarbonate, an amount that did not affect the flavor 
of the powder, retarded deterioration as indicated by fluoreseeiiee and 
palatability tests. Other alkaline salts studied (sodium acetate, benzoate, 
citrate, salicylate and tartrate) had no effect. O.E.I. 

245. Ices and Sherbets. E. J. Eamsey, Eamsey Labs., Cleveland, Oliio. 

Ice Cream Field, id', No. 3: 8, 66. March, 1944. 

The author giv<"S an ice and a sherbet recipe and lists brief comments on 
some of the important problems related to the manufaeture of ices and 
sherbets. 

He states that 50 to 60%) overrun is satisfactory for sherbets wdiereas 
20 to 35% overrun should be maintained for ices. 

He malces tbe following war-time recommendations regarding ices and 
sherbets : 

1. Make at least 80% of the package ice cream as half ice cream and half 
sherbet or as sherbet ripple. 

2. Sell as miieh bulk slimbet as possible. 

3. Make at least 50%) of tlie bulk gallonage as sherbet combinations— 

25 to 30%) sherbet aiul 70 to 75% ice cream. W.C.C. 

MILK 

246. Wild Onion, and Garlic. L, V. Sherwood. Uuiv. of ID. Agr. Bxpt. 

Sta. Cir. 572. 8 pages. March, 1944. 

Directions on liow to recognize and control these noxious weeds. Cultural 
control is most effective; oil si)rays can be used but the cost is high. 

el.G.A.’ 

247. Recent Developments in Milk Control. 0. K. Johns, Dept, of Agr., 

Ottawa. Canad. Jour. Pub. Health, 35 , No. 1 : 33. 1944. 

Tlie effieieut use of the laboratory may assist greatly the farm inspection 
staff and reduce travel! iug b}^ the use of simplified tests for milk quality. 
These ineltuh'. tlie sedimeut tc^st, dye reduction tests, and the direct micro- 
scope clump cioiiut. Tlie resazurin. test is a particularly good aid iu detect- 
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iiig' milk from iiiiliealtliY udders. For the control of pasteurized milk the 
pliosplmtase and coliform tests are now coming' into .u’eiieral use and are 
tending to supplant the agar plate method. O.R.I. 

248. Women in the Milk Industry. T. J. Hammell, The Borden Co., New 

York, N. Y. 17th Ann. Rpt. N. Y. State Assoc. Milk Sanit., p. 129, 
1943. 

Experience with women in plants was gained in the first World War: 
Lhiion approval and cooperation was secured. When the same work was 
done the same pay was given as to men. An endeavor was made to secure 
Avomen whose husbands were in the armed forces. More time was needed to 
break in the women ivorkers as they were new to such work. The women are 
appreciative and do good \vork. A.C.D. 

249. Construction of Weighing Vats a Major Factor in Accurate Butter- 

fat Sampling. Blvin R. Albee, Dept, of Health, Albany, N. Y. 
17tli Ann. Rpt. N. Y. State Assoc. Milk Sanit., p. 125, 1943. 

A study of niiJk weigh vats showed several that were not conductive to 
securing good mixing of the milk by dumping. A long narrow weigh vat 
gave samples that varied 0.4% in butterfat but the condition was helped by 
baffle plates. In another plant with rectangular two-compartment weigh, 
cans the mixing was not good but the poorest mixing was in a Aveigh can Avith 
a strainer outlet near the bottom of the Aveigh can. In both tliese cases the 
mixing AA^as good AAdien the strainers AA^ere removed. The variations in test 
AA’ere both for and against the dealer. A.C.D. 

250. Milk Prospects for 1944. Fred H. Sexauer, DairymeiFs League 

Coop. Assoc., New York, N. Y. 17th Ann. Rpt. N. Y. State Assoc. 
Milk Saiiit., p. 103, 1943. 

This statement before the NeAv York State Joint Legislative Committee 
deals Avitli prices, feed sup]dies, numbers of cattle, and milk consumption 
Acith special reference to the NeAV York area. All factoi’s indicate a. reduced 
milk supply in 1944 and the final prospects Avill be affected greatly by the 
program of the Federal GoATimment. A.C.D. 

251. Cleaning and Sterilizing High-Temperature Short-Time Pasteur- 

izers. Lewis Shere, The Diversey Corp., Chicago, III 17th Ann. 
Rpt. N. Y. State Assoc. Milk Sanit., p. 91, 1943. 

It has been shoAvn that the type of material to be removed from high- 
temperature pasteurizers is not the same as that found in vat pasteurizers. 
In vat pasteurizers the material is held together and to the equipment by 
casein ; lienee it can be removed by ordinai^y alkaline Avashing poAvders that 
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dissolve ease in. In. lu^Ii-teiuperatiire pasteurizers the easein has e.oiiibined 
with the mineral salts and cannot be so easily removed. 

The best procedure for cleaning*' higti-teinperature pasteurizers is to ('ool 
tfie (H|iupment by pumping* thronj>*h cold water until clear, then cireulatiTij.>‘ 
an acid-base milkstone remover at F. for | to 1 hour, flnshino* out 

with ^varm water for 10 to 15 minutes, then clrculatinji' an alkaline cleansing* 
solutioii at 135^-145° F. foi* 4 to 1 hour, and "finally rinsing* with cold water. 
Disimuitle and brush witli alkaline cleanser, if necessary. Just before usin^\ 
rinse with warm water, assemble, and sterilize. Chlorine solntiou is pre- 
ferred for steri]izinf>‘ but Imt water is excellent if temperature is properly 
maintained throuj’hout the erjui])ment. A.C.B. 

252. Trends in the Administration of the Supervision of Country Milk 

Supplies. G. W. Molyneux, Dept, of Health, White Plains, N. Y. 

17th Ann. Rpt. N. Y. State Assoc. Milk Sanit., p. 7, 1943. 

Re(iejit developments liave broujiht the public health inspection of milk 
into the economics of pjhce rej^tnlation and the restricdion of ti*ade by rej:>‘u- 
lation of tlu^ scope of producing* areas. These two imwarraiited activities 
tojj>'ether with duplications of inspections by cities could best b(‘ handled by 
])lacinj.»‘ all iuspcHdioii of milk for both country and (dty under one central 
state milk inspection a^’emw. iV.O.D. 

253. Mutual Aid Between Pasteurizing Plants. (1 B. Leete, N. Y. State 

Dept. Health, Albany. 17th Ann. Rpt. N. Y. State Assoc. Milk 

Sauit, p. 85, 1943. 

As a war measure the New York State War Gouncil as a central agency 
to prevent dnpruuition and omissions set np an Office of Emergency Milk 
Siipi)lies to arrange for the provision of milk to the public*, iii case of a mili- 
tary disaster. The plan was based upon local and voluntary cooperation of 
milk distributors serving a givcni local area. The idea was that locud coopera- 
tion would solve the emergency. 

Although tliere have been no military disasters the ])lan has met emer- 
gencies satisfa(^toril>^ In one city a large milk plant burned about midnight. 
Milk was diverted to other |)iants, for one day other plants supplied custo- 
mers of the burned plant, but thereafter the milk of the burned plant was 
])roeessed by the other plants and delivered by the plant that bad met with 
disaster. A.C.D. 

254. A Northeastern States Code for Milk for Pasteurization. Walter 

D. Tiedeman, N. Y. State Dept, of Health, Albany, N. Y. 17th 

Ann. Rpt. N. Y. Assoc, Milk Sanit, p. 63, 1943. 

Mu(»h progress has been made in milk safety and (piality by health 
officials and others. However, the tendency in recent years has been to 
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exceed the needs for a safe milk of good flavor, appearance, and keeping 
qiiality« There is need to unify regulations, and with this thought in mind 
health officials of eastern United States met and drew up ''Northeast States 
Emergency Sanitation Standards for Raw Milk for Pasteurization.” A 
copy of the regulations is presented. A.C.D. 

255. Milk Plant Equipment in War-Time. 0. K. Burro'WS, Cherry-Bur- 

rell Corp., Chicago, 111. 17th Ann. Rpt. N. Y. State Assoc. Milk 
Saiiit., p. 51, 1943. 

In 1942 inaniifactiirers of dairy equipment went into war work and for 
tlie last two years replacements have been about 15% of normal. Not until 
1944 has authorization been given to increase the manufacture of some dairy 
equipment. In addition to metal scarcity, there is the direct competition of 
war machines for parts sucli as nine motors of dairy size used on each Flying 
Fortress. There will be no immediate startling new equipment when the 
war is over. Tliere may be some new metals and plastics and a broader 
experience gained in war work. . A.C.D. 

256. Dairy Cleansers and War Requirements. H. W. Lehmkuhl, Milk 

Plant Specialties, Rochester, N. Y. 17tii Ann. Rpt. of N. Y^. State 
Assoc. Milk Saiiit., p. 37, 1943. 

It is pointed out that cleansers have been greatly improved in the last 
few years, tiiat the war-time shortage may become acute, requiring less 
concentrated solutions and more brushing to obtain clean equipment. 

A.C.D. 

257. Labor in War-time for Dairy Farms and Milk Plants. A. D. Gentle, 

Maniiower Service, Albany, N. Y. 17th Ann, Rpt, of N. Y. State 
Assoc. Milk Sanit., p. 33, 1943. 

This article discusses the manpower situation as it applies to dairy work. 
Some details of the Selective Service regulations are given. A.C.D. 

258. The Effect of War-time Shortages upon Maintaining Sanitation on 

Dairy Farms and in Milk Plants. Paul Corash, N. Y. City Dept, 
of Health. 17th Ann. Rpt. N. Y.' State Assoc, Milk Sanit., p. 23, 
1943. 

The war-time shortages in milk plants and on dairy farms are discussed 
under three headings : manpower, supplies and equipment. A.C.D. 

259. War Time Increases Our Responsibilities. Milton R. Fisher, 

D.V.M., Chief, Milk Control Dept, of Public Welfare, Health Div., 
St. Louis, Mo. Jour. Milk TechnoL, 6 ^ No. 6: 362. Nov.-Dee., 
1943. 
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Soiiie of the faetors (li,s{3ussed wliieli tend to inerea>se inspection responsi- 
bilities are as follows: 

Snddisi increase in population in defense areas. 

Tuercase in demand for milk. 

Lack of new etpiipment to liandle milk. Old equipment operated aboYe 
capacity in some plants. 

Greater need for sanitation. 

Need, to b(‘ c'HiHd'ul about making* concession that would jeopardize tlie 
dairy industry, the consumers as well as the milk sanitarians. L.Ii.B. 

M'ISOKLLAN]d{)XJS 

260* Measurement of Detergency: Photometer for Determination of 
Films on Transparent Surfaces. Determination of Rate of Hard 
Water Film Formation in Washing of Glass Objects. John L. 
Wilson and Elwyn B. Mendenhall, Economics Laboratory, Inc., 
St. Paul, Minn. Join*. Indus, and Engin. Cliem., Analyt. Ed., 16 , 
No. 4: 251, 253. April, 1944. 

The ealeinm and magnesium salts present in bard water react with many 
detergents to form ijisoluble compounds. In processes siicli as commercial 
disliwasliing, some of the precipitate formed attaches itself to the objects 
being wasln^d and builds up aii unsightly lilm. A simple inexpensive pho- 
tometer has been designed for the (piantitative determination of this ‘diard 
water” film. Data are pres(‘nted to show the reproducibility of results 
* obtained by the suggested method and the ease and accuracy with which 
diifei'ences between detergents may be determined. B.H.W. 

261. Analysis of Soap-Synthetic Detergent Mixtures in Bar Form. 

Donald BmiKOwrrz and Rubin Bernstein, Detergent Section, Test 
Lab. U. S. Navy Yard, Philadel])hia, Pa. Jour. Indus, and Engin. 
Gheim, Anal.yt. Ed., 16 , No. 4: 239. April, 1944. 

A proeedur(^ for tlu‘ analysis of comimircial soap-synthetic detergent 
iiiixtiires is pro|)os(‘d which has given sufficiently accurate and reproducible 
results. The luetbod is based on the s(‘pa.ratiou of active ingredients from 
inorganic salt.s by .means of ethyl alcohol, and the subsequent determination 
of soap, fatty matter, and s(.Klium chloride in tlie alcohol-soluble xiortioii. 
Synthetic, detergent is calculated as the difference between total alcohol- 
soluble matter and the sum of soap, fattv matter and alcohol-soluble sodium 
chloride. B.H.W. 

262. Stephen Moulton Babcock. H. H. Sommer, Univ. of Wis., Madison, 

Wls. 17th Ann. Rpt. N. Y. State Assoc. Milk Sanit., p. 77, 1943. 

This brief biography of Dr. Babcock is esiiecially clear and tboroiigh and 
ought to be rea,d in its entirety. A.C.D. 
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ABSTRACTS OF LITERATURE 
BUTTER 

263. Heat Resistant Coliform Organisms with Particular Reference to 

Butter. H. F. Long, T. I. Hedrick, and B. W. Hammer, Iowa Agr. 

Expt. Sta., Ames, Iowa. Jour. Milk TechnoL, 7, No. 1: 20. Jan.~ 

Peb., 1944. 

Heat resistant coliform organisms were encountered in pasteurized milk, 
in cheese made from pasteurized milk, and in butter. Most of the studies 
were made on butter. 

Of 116 cultures isolated from butter, 48 survived 61.7° C. for 30 minutes 
and 28 survived for 40 minutes. In some of the resistant cultures appre- 
ciable numbers of cells were still present after 50 minutes exposure at the 
above temperature. All resistant cultures were of the Escherichia types. 
No heat resistant Aerobacter cultures were encountered. 

The authors state that ^‘The general results suggest that Escherichia 
cultures isolated from pasteurized dairy products should be tested for heat 
resistance before assuming that pasteurization was inadequate or that con- 
tamination had occurred.” L.H.B. 

264. Starters and Cultures. M. W. Hales, Chr. Hansen ^s Lab., Mil- 

waukee, "Wis. Natl. Butter and Cheese Jour,, 35, No. 5 : 24, May, 

1944,* and Natl. Butter and Cheese Jour., 35, No. 6: 34, June, 1944. 

This article is, a review of what the nature and characteristics of starters 
and starter cultures should be. The author maintains that starters are 
selected for their ability to produce acid, flavor and aroma under com- 
mercial conditions and can be expected to do so if they are given careful 
uniform treatment from day to day and are renewed frequently. He warns 
that liquid cultures sliipped by laboratories may contain small bubbles of 
carbon dioxide which are harmless. He strongly recommends the use of 
separate mother cultures instead of transfers of inoculum from bulk starter 
to bulk starter. W.V.P. 

CHEMISTRY 

265. The Solubility of Water in Butterfat. C. C. Thiel, OflScer of Coun- 

cil. Jour. Council Sci. Ind. Res. (Austral), 16, No. 3: 139-141, 

Aug., 1943. 

Determination of the solubility of water in butterfat over the tempera- 
ture range of 40® to 95° C. showed that the solubility is 0.19 per cent at 40° 
C., 0.26 per cent at 60° C., 0.36 per cent at 80° C., and 0.47 per cent at 95° C. 

Use of 8 per cent NaCl solution in place of water had no effect on the 
solubility, but mixed fatty acids from butterfat, when dissolved in fat to the 

An9 
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extent of two per cent, increased tlie solubility of water at 40° C. by 0.02 
percent "W.C-F. 

266 . The Determination o£ Moisture in Dried Butterfat. C. C. Thiel, 

Officer of GotinciL Jour. Council Sci. Iiid. Res. (Austral.), 16^ 

No. 3 : 135-138. Aug., 1943. 

A comparison of different methods for the determination of moisture in 
biitterfat showed that entrainment wuth nitrogen and the Fischer titration 
method gave similar results, but toluene distillation gave results 0.015 per 
cent lower. Heating methods gave consistent results equal to or only 
slightly lower than those obtained by the above methods, when conditions 
of heating Avere carefully standardized to yield maximum readings. Recom- 
mended heating methods w^ere: (a) in a hot-air oven at 103° C. for three 
hours, (b) on a hot plate for 1^ to 2 minutes followed by 40 minutes in a 
vacuum oven at 100° C., or (c) on a hot plate at 160° C. for 3-4 minutes. 

The Fischer titration method is rapid and uses a relatively small 
sample. W.C-F. 

267. Tests for Formaldehyde in Milk. D. W. Horn, Bryn Mawr, Pa. 

VoL 4, part 1, of the Pubs, of the Wagner Free Inst. Sei. Phila. 

1944. 

The author presents a study of the relative merits and limits of sensi- 
tivity of five different tests for the presence of formaldehyde in milk, He 
furthermore presents more specific directions for making these tests wdiere 
specificity is now lacking. The tests investigated were: I, sulfuric acid — 
ferric sulfate test ; II,. hydrochloric acid — ^ferric chloride test ; III, sulfuric 
acid — ^bromine test; IV, decolorized fuehsin test; and V, phenylhydrazine 
hydrochloride — sodium nitro prusside test. 

The most sensitive test was found to be III ; yet this test is not mentioned 
in the A.O.A.C. ^SStandarcI Methods.” The least sensitive "was Y ; yet this 
test is not vitiated by the presence of judiciously added nitrite as are the 
others. The major %veaknesses of tests I, II and III are that they give nega- 
tive results if the concentration of formaldehyde is too great. Methods of 
getting around this difficulty and the presence of nitrite and detecting very 
minute amounts of the preservative are discussed, as is also an efficient num- 
bering and indexing system for studies of this general type involving ranges 
of concentration. F.J.D. 

DISEASE 

268. Too Little and Too Late. B. 0, Anderson, Dept, of Dairy Indus., 

Storrs Agr. Expt. Sta., Storrs, Conn. Milk Plant Monthly, 33^ 

No. 4 : 36-38, 40, 42, 50, 1944. 

The author classifies the various types of mastitis and stresses the eco- 
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noiiiic and public health importance of mastitis. Some mastitis milk may 
become a real priblie health hazard if it is not properly cooled. Increasing 
attention is being given today to the mastitis problem. The presence of 
mastitis organisms in milk should be determined as early as possible. Such 
tests as (a) leucocyte count; (b) examination of incubated milk for strepto- 
cocci occurring in chains; (e) colonies produced on special media; (d) reac- 
tions to the Hotis test; and (e) isolation of the causative organism and iden- 
tification by fermentation reactions and serological grouping, may be used. 
These tests are used in the Coiineetieut Plan for the control of bovine 
mastitis. 

The author lists seventeen suggestions for the prevention and spread of 
disease. In addition, he explains the use of chemotherapy in the control of 
infectious mastitis, which is briefly summarized under three conditions: 
treatment of milking cows, dry cows and those suffering from acute mastitis. 

G.M.T, 

269. Outbreak of Septic Sore Throat Due to Reconstituted Powdered 
Milk. Ijt. Ralph P. Allen (MC), U.S.N., and Lt. Louis S. Baer 
(MG), U.S.N.R. Jour, ximer. Med. Assoc., 124 , No. 17 : 1191-1193. 
April 22, 1944. 

Here is reported what is believed to be the first epidemic of septic sore 
throat caused by milk from a contaminated ‘^mechanical cow.” Practically 
pure cultures of beta hemolytic streptococci were isolated from 155 throat 
cultures. Of two men assigned to work in the milk preparation room, one 
gave a history of having had a sore throat and a tender swollen gland in his 
neclc two weeks before the outbreak. The epidemic subsided when the serv- 
ing of milk was discontinued. 

The authors make the following suggestions for the benefit of medical 
officers at stations or on ships using the “mechanical eow^’ : 

“1, Foremost in importance is careful instruction of enlisted personnel 
operating the machine and continued close supervision of their work. 

“2. Sufficient men should be assigned to the job and an adequate number 
of ‘mechanical cows’ obtained to supply the needed quantity of milk without 
, having to ‘railroad it through.’ 

“3. A thorough breakdown of the mechanical cow is necessary daily with 
careful scrubbing of all parts with alkaline washing powder followed by 
steam sterilization for at least one minute. 

“4. Weekly checks with a standard thermometer of both the pasteurizing 
and cooling temperatures is essential. A recording thermometer attached to 
the mixing tank of the mechanical cow is desirable. 

“5. Particular attention should be paid to keeping milk cans clean along 
the seams and prompt retinning of those that rust. 
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“6. Careful screening and adequate Tentilatioii are important and often 
overlooked items of sanitation. 

''7. Drying racks for the milk cans of approved construction are easily 
made and should always be used. Too often cans are placed upside doTO on 
the deck. 

^^8. Bulkheads should be kept painted. white to encourage cleanliness and 
expose dirt. 

^'9. Frequent checks on the health of all milk handlers is an important 
duty of the medical ofdcer.” D.P.G. 

270. Cheese Carrying Typhoid in Alberta. Anontmous. Canad. Dairy 

and Ice Cream Jour., 23 ^ No. 4: 40. 1944. 

An outbreak of thirty-five cases of typhoid fever in southern Alberta 
was finally traced to cheese. Investigation indicates that the cheese became 
infected through the water supply. A. G. Campbell and J. Gibbard, Lab- 
oratory of Hygiene, Department of Pensions and Health, Ottawa, Canada, 
added E. iijpJiosa to several experimental vats of milk which were manufac- 
tured by a commercial process into cheddar cheese. Under certain storage 
conditions they found viable E. iypJiosa after six months in all samples and 
for ten months or more in a majority of them. H.E.R. 

FOOD VALUE OF DAIRY PRODUCTS 

271. Influence of Incubation at 37° C. on Stability of Thiamin and Ribo- 

flavin in Cow's Milk. Barnett Sure and Zenas W. Ford, Univ. 
of Ark, Fayetteville, Ark. Soc. Expt. Biol, and Med. Proe., 54, 
No. 1: 83. Oct, 1943. 

Pasteurized cow’s milk was used throughout the experiment. It was 
found that incnbating cow’s milk for 22 hours at 37° G. caused 46% of the 
thiamin to be destroyed. Under similar treatment riboflavin was entirely 
stable. The critical temperature for thiamin destruction appeared to be 
between 31 and 37° C. The factors in the milk responsible for thiamin 
destruction were stable to 100° C. for 10 minutes. The minerals of cow’s 
milk appeared to be responsible for about 25% of the thiamin destroyed. 

R.P.R. 

- 272. Comparison of the Nutritive Value of Dextrose and Casein and of 
the Effects Produced on Their Utilization by Thiamine* Curt 
P. Riohttjr and Katherine K. Rice, Johns Hopkins Hosp., Balti- 
more, Md. Amer. Jour. Physiol., 141, No. 3 : 346. May, 1944. 

Sixteen rats which had access to only one foodstuff, casein and water, 
survived on the average 33 days while 21 rats on dextrose and water sur- 
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vived 37 days. Tlie rats on casein immediately became ver.y inactive wliile 
the rats on dextrose became even more active than on a stock diet, at least 
for the first 20 days. The casein rats ate only approximately one-third as 
much food as the rats on dextrose. 

"When given access to thiamin hydrochloride, 14 rats on casein survived 
55 days, while 12 rats on dextrose lived 73 days. The results of these experi- 
ments thus showed under the simplest conditions that thiamine plays an im- 
portant part in the utilization of protein as well as of carbohydrate, 

D.L.E. 

273. Food Plays “Ambassador” Role. Mrs. Julia Kiene, Director, West- 
inghouse Home Economics Institute, East Pittsburgh, Pa. Certi- 
fied Milk, id, No. 212: 7, Dee., 1943. 

American food can be used as an ‘^Ambassador’’ toward guaranteeing a 
lasting peace. The Army will require 15 per cent of the total supply of 
butter and 32 per cent of canned milk. American food will be needed in 
relief programs in newly liberated countries in order to prevent worldwide 
epidemics. Pood habits, while difficult to change, will have to vary as the 
war progresses. Items stressed arej advertising to influence eveiy Amer- 
ican to produce, conserve, preserve fresh foods, share, eat the right food 
regardless of personal preferences, substitute plentiful for scarce foods, help 
keep food costs down, participate in community food pi’ojeets, and to 
coopei’ate. H.G.L. 

274t Dairy Research and Human Nutrition. Parts I and II. 0. B. Reed, 
U.S.D.A., W'ashington, D. C. Certified Milk, 18, No. 212: 3, Dec., 
1943 ; and Certified Milk, 19, No. 213 : 5, Jam, 1944. 

See Abstract 99, Jour. Dairt Sci., 27 , No. 3: A47. 1944. H.G.L. 

275. The Biggest Bargain in Health. Mrs. Julia Kiene, Director, W^est- 

inghouse Home Economics Institute, Bast Pittsburgh, Pa. Certi- 
fied Milk, 19, No. 214 : 7. Peb., 1944. 

The importance of milk as a food, together with the proper handling of 
milk in the home, is described. Suggestions are given on how to cook with 
milk to prevent excessive loss of vitamin B 2 and how to prevent curdling 
when cooking milk. Several recipes using milk are given. H.G.L. 

276. Nutrition and Health. Thomas Parran, Surgeon General, U. S. Pub- 

lic Health Service. Certified Milk, 19, No, 214 : 3. Peb., 1944. 

In order to prevent malnutrition, it is advised that every citizen should 
have a down-to-earth working knowledge of modern nutrition and choose 
every day the food necessary for a balanced diet. H.G.L. 
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277. I/OSS of Riboflavin in Milk Due to Sunlight. Olap E. Stamberg and 
D. R. Theopiiilus, Univ. of Idaho, Moscow, Ida. Milk Dealer, 33 ^ 
No. 8 : 32-42, May, 1944. 

Since it is known that exposure to light destroys riboflavin, a series of 
experiments was conducted to determine the effects on riboflavin content of 
letting bottled milk stand on doorsteps. Mixed Holstein and Jersey milk, 
raw, pasteurized and homogenized, was bottled in plain and colored (brown) 
glass bottles and in paper bottles. Recognized tests for riboflavin content 
were used. All bottles were stored in the dark at 42° P. before being taken 
outside for direct sunlight exposure. Three tables of results are given show- 
ing percentage loss of different containers and under different conditions. 
Approximately one-half of riboflavin in milk in plain glass bottles is lost in 
2 hours. Homogenized milk, due to greater opaqueness, showed slightly 
lower loss. Both brown bottles and paper bottles protected milk from loss 
of riboflavin in ratio of 10% to 80% in 6 hours as compared with plain glass. 
Protection for ordinary glass bottles of milk should be provided by the house- 
wife to insure against loss of riboflavin due to exposure to direct sunlight. 

C.S.T. 


HERD MANAGEMENT 

278. To Clean Milking Machines. Evert ‘Wallenpeldt, Dept, of Dairy 

Indus., Univ. of Wis., Madison, Wis. Milk Plant Monthly, 33 ^ No. 

4 : 27-28. 1944. 

If cleaning the milking machine is to be carried out consistently by all 
dairymen, the procedure must be simple. Emphasis is placed on rinsing the 
machine immediately after milking. Following the rinse, the machine 
should be taken apart enough so that brushes will reach all surfaces. Fol- 
lowing brushing, parts should again be rinsed in lukewarm water and as- 
sembled. The teat-eup assembly should be hung on a solution rack and 
filled completely with 0.5 per cent lye solution. All metal parts should be 
dried -when not in use. I^revious to milking, two gallons of fresh clean 100 
ppm. chlorine solution should be drawui through the machine. Tlie machine 
should be inspected regularly and any faulty parts replaced. Emphasis is 
placed on the daily cleaning immediately after milking, if the machine is to 
be kept in good order, G.M.T. 

279. How to Sell Producers on the Value of Clipping Cows. Melvin A. 

Meyer. Milk Plant Monthly, 33 , No. 1: 31. Jan., 1944. 

Clipped cows play an important role in clean milk production. The 
chief obstacle in the way of clipping cows is the clipper itself. These are 
frequently too expensive for the small dairyman to own, and a cheap hand 
clipper will not do the job. A solution to this problem confronting the small 
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dairyman would be for the dairy plant to own a few clippers which could be 
loaned to producers. A plant fieldman might be supplied with one clipper 
with which he could clip part of the cows in various communities in his milk 
shed as a demonstration of the value of clipping. Clipping of a cow’s flank 
is no. cure-all for unclean and unsatisfactory milk. Cleanliness yet remains 
a fundamental requirement in 'quality milk production. G.M.T. 

280. Cold Weather Care of Milking Machine Rubber Parts. C. K. 

Johns, Div. of Back and Res., Sci. Serv. Dept, of Agr., Ottawa. 

Jour. Milk TechnoL, 7 , No. 1: 17. Jan.-Feb., 1944. 

The use of a weak lye solution for maintaining the rubber parts of milk- 
ing machines in a good sanitary condition has been definitely recognized by 
many investigators. However, it has one drawback in that the solution will 
freeze during cold weather. 

In a study made to note the effect of a five-minnte treatment of lye after 
a suction rinse with cold water, it was found that the lye solution was more 
effective than it had been previously realized. 

First, a four-week study was made as follows : After a suction rinse with 
cold water, the teat enp assemblies of the units in use at the Central Experi- 
mental Farm were filled with lye solution, which had been kept in a cold 
storage room at near freezing temperature. After five minutes, this solution 
was drained out, and the teat cup assemblies remained in the cold room until 
next milking. During this four-week trial the assemblies were not dis- 
mantled nor brushed and appeared quite clean at end of the period. 

The inner surfaces of the inflations and tubes were rinsed with sterile 
water and bacterial counts were made on the recovered lunse water, and on 
the milk of the first cow milked with each unit. This was repeated three 
times during the four-week period. The average count on the rinse waters 
were 470 per ml. and 2,6(}() per ml. for the milk samples. Then to note the 
effectiveness of this fivcmuinnte treatment with lye solution, wlien the teat 
cup assemblies were held between milkings at higher than freezing tempera- 
tures, the assemblies after treatment for the next seven weeks were held at 
tenipei'*atures between 70° and 80° F., As in the previous trial, they w^ere 
not dismantled nor brnslied during this period. Bacterial counts w^ere made 
four times during this period in the same manner as previously. Results 
for the rinse waters averaged 550 per ml. and for the milk samples 3,500 
per ml. 

After these preliminary trials it was decided to try this treatment for a 
year with storage of teat enp assemblies at room temperature. During this 
time, however, the teat cup assemblies were taken apart every week or ten 
days as was the customary practice. 

At these periodical inspections there was no evidence of fat or milk 
solids being present on the parts. There was a slight deposit of calcium 
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phospliate ill some of tlie inflations after they had been in use several months. 
The monthly logarithmic average bacterial counts of the mixed night's and 
morning's milk (raiv) taken from the pastenrizing vat for the year 1941—42 
ranged from 5,768 to 21,530, while for 1942-43 they ranged from 4,477 to 
20,000. L.H.B. ^ 

ICE CEEAM 

281. The Present and Future Role of the Ice Cream Industry in Frozen 

Foods. P. L. Thompsen, Bur. Agr. Economics, U.S.D.A., Wash- 
ington, D. C. Ice Cream Trade Jour., 40 j No. 6: 10. June, 1944. 

The author reports on a comprehensive survey of the present and poten- 
tial future developments of the frozen food business in the ice cream in- 
dustry. - Of the total civilian pack of frozen foods in 1942, the ice cream 
industry distributed 5.6 per cent. Ten per cent of all retail ice cream out- 
lets sold frozen foods, and 67 per cent of these utilized regular ice cream 
cabinets for holding the products. Studies indicated that ice cream manu- 
facturers are in a particularly favorable position to embrace this additional 
activity, either by acting as distributors of foods frozen by another organi- 
zation or by actually .utilizing excess freezing space for freezing the foods 
themselves. Methods of operation are discussed and equipment of various 
types are described and evaluated. The costs will vary considerably with 
various factors, but estimates are mentioned which will give the ice cream 
manufacturer some idea of the potentialities of the enterprise. P. J.D. 

282 . Research-Use of Banana in Dehydrated Form. B. I. Masurovsky, 

Res. Editor, Ice Cream Trade Jour., 40, No. 6 ; 38. June, 1944. 

P.J.D. 

283. “Velva Fruit” Research. B. I. Masurovsky, Res, Editor. Ice Cream 

Trade Jour., 40, No. 6 : 28. June, 1944. 

P.J.D. 

284. Outlook on Vanilla. Ray C. Schlotteree, Vanilla Bean Assoc, of 

Amer., Inc. Ice Cream Field, 43, No. 6: 18. 1944. 

The author, in discussing the Bourbon vanilla situation, points out that 
normally about 60 per cent of our vanilla beans come from Madagascar, but 
that in the past three years only two shipments have been made direct from 
there. Beans seized by the British from French vessels attempting to evade 
the blockade also have been received on five occasions during that period. 
One shipment of over 100 tons is expected to arrive in the United States this 
year, it is claimed. The French are creating, and will continue to maintain, 
a substantial supply of vanilla in Madagascar for the mother country, the 
author states. 
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It is estimated tliat this yearns crop of Mexican vanilla will amount to 
about 275,000 pounds, and the author states that the quality is reported 
good. Due to droutbs in Mexico this year, next year’s crop is expected to 
be low. The author estimates it will not be more than 175,000 pounds. 

Tahiti vanilla has been arriving at fairly regular intervals, and it is 
stated that the price there has been stabilized. The price situation as a 
^vhole, however, is moving upward due primarily to uncertainty over Bour- 
bon arrivals. It is pointed out that, if prices advance too far, vanillin will 
be used as a substitute for vanilla, which will eventually cause prices to 
decrease. Prospects for a decrease in price in the near future are very 
remote, it is stated. W.C.G. 

285. Tests for Quality in Egg Pulp. 1. A Preliminary Note on the 

Application of the Reductase Test Using Resazurin as the Indi- 
cator. W. J. Scott and J. M. Gillespie (Div. of Food Preser- 
vation and Transport, Austral.). Jour. Council Sei. Ind. Res. 
(Austral), 16, No. 1: 15-17. Feb., 1943. 

The time of reduction of resazurin to a pink color afforded a reliable 
prediction of the bacterial content of the pulp, since results correlated with 
the plate count. The type of flora influenced the reduction time, but the 
organisms were mostly Pseudomonas, Two milliliters of 0.005 per cent 
resazurin were mixed with 10 ml. of egg pulp and incubation was at 30° C. 

Data given indicated a reduction time of about 5 hours when a million 
bacteria per ml. were present and about 2 hours with a billion. W.O.F. 

286. Report of Committee on Frozen Desserts). P. W. Fabian, Mich. 

State CoL, East Lansing, Mich. Jour. Milk TechnoL, 7, No. 1 : 3L 
Jan.-Peb., 1944. 

Although these are especially trying times, inspectors and dairymen alike 
should be made to appreciate the necessity of keeping dairy products sani- 
tary. The essentials for which there should be no relaxation of vigilance 
are health of cows and employees ; cleanliness of equipment, utensils, cows, 
and employees ; and effective pasteurization. 

It is suggested that the dairy inspector concentrate on the essentials, and 
let the rest go for the duration. 

Reports by 0. A. Ghiggoile, of California j John M. Scott, of Florida; 
and Andrew J. Krog, of New Jersey, are given. L.H.B. 

287. Specific Gravity and Overrun in Frozen Ice Cream. P. S. Lucas 

AND Robert E. Stout, Dept, of Dairy Hnsb., Mich. Agr. Expt. Sta., 
Lansing, Mieh. Canad. Dairy and Ice Cream Jour., 23, No. 5 : 35. 
1944. 

A new test to determine specific gravity and overrun in ice cream. 
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Present formulas depend on knowing the weight or volume of mix used in 
making a known amount of iee ei'eam. Such formulas are obviously imprac- 
ticable for inspectors. The new method proposed permits overrun deter- 
mination ill a sample of frozen ice cream. 

A 130-gTam portion of sample was melted and poured into a fared volu- 
metric flask. Ten grams of normal amyl alcohol sp. grav. 0.817 were added 
to release air from the air cells. Water was then added to make the volume 
to 250 ee. Flask and contents were then weighed and the weights of the 
contents calculated. 

To illustrate : 


Weight of flask and contents 335.75 grams 

Weight of flask 76.75 * ' 

Weight of contents 259.00 

Weight of water (259-(130-10)) 119.00 

Volume water and alcohol (119.00-12.24) 131.24 ml. 

Volume occupied by sample (250-131.24) 118.76 

Specific gravity of mix (130 -r- 118.76) 1.0946 


Knowing the specific gravity of the mix, it is easy to calculate the per 
cent of overrun. 

Twenty tests were made with the above method on samples of known 
overrun with very satisfactory results. H.B.E. 

288. Stabilizing Agents in Mix Building. Kenneth M. Renner, Dept. 

Dairy Manufactures, Tex. Teclmol. Col., Lubbock, Tex. South. 
Dairy Prod. Jour., 35, No. 4 : 22. April, 1944. 

At the Texas Technological College corn flour affected the flavor of iee 
cream less than did soybean flour or wheat flour. One per cent corn flour 
had an effect equal to two per cent wheat flour or three per cent milk solids 
not fat when added to a mix containing 8.8 per cent milk solids not fat. 
Two per cent corn flour caused a slick corn-starchy consistency. The use 
of additional vanilla flavor minimized the flour flavor. A slightly greater 
whipping ability resulted from the use of corn flour. 

The use of vegetable floiu'S results in an ice cream which is acceptable, 
but it is inferior to a high quality ice cream where the solids are derived 
entirely from good milk products. P.W.B, 

289. Chemical Flavor in Ices and Sherbets. B. I. Masurovsky, Res. 

Editor. Ice Cream Trade Jour., 40, No, 5, 50. May, 1944. 


P.J.D, 
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290. A Comparison o£ the Roll-Tube and Standard Plate Methods of 

Making Bacterial Counts of Milk. C. C. Prouty, H. A. Ben- 
DixENj AND S. P. Swenson, Diy. o£ Dairy Hnsb. and Div. of Agron., 
Wash, Agr, Expt. Sta., Pullman, Wash. eToiir. Milk TeclmoL, 7 ^ 
No, 1: 5. Jan.-Peb., 1944. 

The use in Europe of a roll-tube technique for the quantitative and quali- 
tative analysis of milk and other products was observed by one of the 
authors. Since this technique appeared to possess certain advantages over 
the standard plate method, a study was undertaken for the purpose of com- 
paring the results from the two methods. 

A description illustrated by pictures of the roll-tube method is given. 

Two series of comparisons between the roll-tube method and the standard 
plate method are given. One series was of 6 to 20 replicate tests made by 
each method on 14 samples of milk, while the other series was of duplicate 
tests made by each method on 43 samj')les of milk. 

The counts obtained by the roll-tube method generally w^ere lower than 
those obtained by the standard plate method. This was especially true in 
high colony count samples where the number of colonies approached 300, and 
probably was due to the fact that the surface area of the agar in the tubes 
was smaller than that of the plates, thus Causing increased crowding of the 
colonies in the tubes. 

The advantages given for the roll-tube method are that the tubes are 
subject to less breakage and require less storage space. They can be filled 
with the required amount of media, sterilized, and kept on hand for instant 
use. They can be readily mailed for use in the field where limited labora- 
tory facilities are available. The tubes require only 7 ml. of agar instead of 
the 10-15 ml. needed for standard plates; also, less incubator space is 
required. 

Disadvantages are— a special motor-driven apparatus is required for 
rotating tubes; more difficult to count colonies on tubes than on plates, 
especially when number of colonies approacli 300 ; need a firmer agar (2.0% ) 
for tube method ; possibility of spreading colonies greater in tubes than in 
plates; tubes must be incubated with their bottom ends slightly sloping 
downward. L.H.B. 

291. Production of 18% Cream with Best Physical Properties. A. C. 

Dahlberg, Cornell Univ,, Ithaca, N. Y, Milk Dealer, 33 , No. 7 : 
S6-40. April, 1944. 

A light cream, in addition to fine flavor, needs: (1) maximum viscosity, 
(2) no cream plug, (3) no skim milk layer, (4) no oiling off in coffee, (5) no 
feathering in coffee, and (6) maximum ability to color coffee. To obtain 
these often incompatible properties in 18% cream, the author suggests (1) 
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aYoiclance of elraming or excessive agitation during* transportation, (2) 
proper separation of liigii-test milk if available, (3) proper pasteurization, 
(4) slow cooling to increase viscosity, (5) heat treatment to increase vis- 
cosity, and (6) proper homogenization. With increased demands for milk 
fat in other dairy products an homogenized niilk-creain mixture of 10% fat 
correctly labeled and sold may be a practical answer to the demand for a 
product more than fluid milk for use in coffee or on cereals. C.S.T. 

292. Dairy Equipment Must Be Free from Microbial Contamination. 

W. L. Mallman, Dept, of Bact., Mich. State Col., East Lansing, 

Mich. Milk Plant Monthly, 33 , No. 2 : 23-25. Peb., 1944. 

In quality milk production the equipment must be physically clean and 
free from objectionable micro-organisms. Sanitation of equipment includes 
both the removal and destruction of the bacteria wdiicli may be present. In 
destroying micro-organisms the killing agent must either enter the organism 
or must come into intimate contact with its cell wall. Hence if the organism 
is completely covered with organic or inorganic soil, such as milk proteins, 
milk stone or water stone, it is practically impossible to reach the cell with 
any acceptable chemical or physical sanitizer. Particularly is this true in 
the ease of milk containing thermodnric bacteria. Proper cleaning removes 
most of the bacteria from the utensils. Sterilizing agents are used primarily 
as a safety measure and assure further reduction in bacterial populations. 
The selection of a sterilizing agent is important, and whether heat or chemi- 
cal depends largely upon the available equipment and the personnel. Heat 
is the most effective method of destroying microbial life. It has the advan- 
tage of penetrating through organic and inorganic matter and destroying 
the bacteria. However, it has the disadvantage that sufficient temperatures 
are not always employed, hence the use of heat may give the producer a false 
sense of security, particularly when thermodnric organisms are present. 
Chemical sterilization of dairy equipment by the use of chlorine in one of 
several forms should be recommended where heat is inadequate or improp- 
erly used. Chlorine has the quality of acting rapidly even in the absence 
of heat. Its chief disadvantage is its lack of penetrability. Like heat, 
chlorine is also dissipated in use. Time of exposure to chlorine is very im- 
portant. When chloramine compounds are used, the exposure period should 
be longer to compensate for its slower action. The importance of sanitation 
in dairy equipment cannot be over-emphasized. ' G.M.T. 

293. Milk Flavor from the Producer’s Standpoint. J. L. Henderson, 

Dairy Indus., Col. of Agr., Univ, of Calif., Berkeley, Calif. Milk 

Plant Monthly, 33 , No. 5 : 40, 41. 1944. 

By following a few basic principles, a fine-flavored milk may be pro- 
duced consistently. Many feed flavors are under the control of the pro- 
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ducer. Feed flavor is perhaps the most common flavor defect viiich may be 
controlled by the producer. To eliminate feed flavors from the milk, feed- 
flavor-producing substances should not be fed during a five-hour period 
before milking. Salty tasting milk should be eliminated from the general 
supply. The development of rancidity may be prevented by mixing poten- 
tially rancid milk witli normal milk in the ratio of one to four or five just 
before or after cooling. The major control problem of oxidized flavor lies 
largely with the distributor, although the producer is not free from all 
responsibilities. The responsibility of the producer with respect to oxidized 
flavor development appears to be (1) to feed and maintain the milking herd 
ill the best possible condition, and (2) to keep the milk out of copper contact. 

■ G.M.T. 

294. Maintaining Consumer Confidence in Milk Supplies. Kenneth M. 

Renner, Head, Dept. Dairy Manufactures, Tex. Technol. CoL, 

Lubbock, Tex. Milk Plant Monthly, 33 ^ No. 1: 36-40. Jan., 1944, 

With a marked increase in consumption of milk, dairymen have been 
confronted with the problem of supplies. With high prices, increased labor 
costs and acute shortage of labor, many dairymen have considered quitting 
business, or securing a supply of milk not complying with the established 
standards. A shortage of Grade A milk has made it necessary to use milk 
other than Grade A. In sections where consumers have become attached to 
the Grade A label, it is necessary to inform them why the label was taken off 
the milk. People drink milk because they like it. Flavor is emphasized. 
Good milk is clean milk, free from sediment, produced from healthy cows, 
having no off-flavors and a relatively low bacteria count. All milk for resale 
to the eonsuining public should be pasteurized. Volunteer consumer ration- 
ing will assist materially in keeping the confidence of the consumer. This 
may be accomplished through a questionnaire to the consumer explaining 
the milk situation. The author lists 10 points for maintaining the milk sup- 
ply. Cooperation among the various groups involved will aid materially 
in solving the problems of the shortage of milk supply and maintaining 
consumer confidence in milk. G.M.T. 

295. Planning for Future Operations in the Market Milk Industry. 

P. II. Tracy, Univ. of 111., IJrbana, 111. Milk Dealer, 33 ^ No. 8 : 

112-115. May, 1944. 

The market milk plant of the future must reduce inefficiency in plant 
operation in order to survive in the post-war period of over-expanded mar- 
kets, increased milk sales through stores, increased bottling by chain stores, 
centralization of pasteurization units anff increased integration. The author 
lists thirty conditions contributing to greater efficiency in milk plant opera- 
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tion in order to reduce costs and enable the post-war milk plant to survive. 
The sales advantages of fresh bottled niilli as compared with powdered, 
evaporated or reconstituted milk in the post-war period are: (1) nsna% 
superior in flavor, (2) fresher, and (3) more convenient for the houseivife 
to use. The operator of the milk plant of the future must have good busi- 
ness judgment, understand labor, have a technical knowledge of business 
and hire a man ‘ ‘ capable of adapting his ideas to the operation of his busi- 
ness.” C.S.T. 

296. Testing Pasteurized Milk. A. L. Proven, Harper Adams Agr. Col., 
Newport, Salop, and A. Howlands, Midland Agr. Col., Sutton 
Bornington, Loughborough. Irish Agr. and Creamery Eev., 13, 
No. 123 : (new series) 11-15. March, 1944. 

The need for bacteriological examination of pasteurized milk is primar- 
ily to determine reeontamination after pasteurization and to estimate keep- 
ing quality in the hands of the consumer. Therefore, simple tests other than 
colony and coliform counts should be carried out to ascertain the type of 
organisms which are carried over or recontaminate the milk, and which 
influence the keeping quality of bottled pasteurized milk held at normal 
household temperatures. To assess their effect under wartime conditions 
of processing milk, the authors took a survey of over 40 plants in the Mid- 
lands and found that, both baeteriologically and in keeping qualities, bottled 
milk had deteriorated greatly. The possibility of utilizing some simple test 
to supplement complete laboratory tests was therefore studied. 

Kesults of the methylene blue test on raw and pasteurized milk at 
15.5° C. (Hiseox et al., Jour. Dairy Res., 4: 105) showed that in relation to 
keeping quality and to degree of recontamination (Rowlands and Proven 
Proceeding, Soe. Agr. Baet., Eng., 29) a reduction of 1| days or less is 
indicative of spoilage before use by the consumer. In the experiments 
conducted, pasteurized commercial samples were aged 24 hours before test- 
ing. Tables are given showing results— 6 hours or less after preliminary 
aging of 24 hours. Similar tests after aging 24 hours were conducted with 
the resazurin test and results tabulated. Incubation at both 15.5° C. and 
18° C. for 24 hours were used and tested at 37° C. with results deemed 
indicative of degree of souring and deterioration occurring during aging. 
Several hundred samples of different milks were tested by these two modi- 
fied methods and tables published. The procedure for the modified resa- 
zurin test for control of pasteurized bottled milk, including sampling, incu- 
bation, testing and interpretation of results, is given. The use of this test 
is summarized as follows : (1) test not applicable to freshly pasteurized milk ; 
(2) preliminary incubation for 24 hours at 15.5° C. or 18° C. is necessary 
to be indicative of reeontamination and keeping quality; (3) the resazurin 
test made at 37° C. after incubation is suitable for plant control cheek in 
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judging’ efficiency of cleaning and sterilization of processing plant; and 
(4) tlie results of dye reduction tests are not related to the colony count at 
37 C. and do not indicate compliance with the official standard. Fourteen 
references a.re cited. C.S.T. 

297. Fieldmaffis Share in Producing Quality Milk — IV. Fieldman’s Care 

of Can Washer. Vern P. Melhuish. Milk Plant Monthly, 33^ 
No, 1 : 27-31. Jan., 1944, 

In addition to receiving and discharging cans, the can washer must also 
execute five operations, namely: (1) rinse all milk solids from each can; (2) 
wash each can; (3) rinse each can with hot water at minimum temperature 
of 180*^ P. ; (4) practically sterilize each can with sterile rinse water and live 
steam; and (5) remove steam vapors and complete the drying of each can 
Avith air. Since the fieldman must explain to the producer any shortcom- 
ings of can washing, it behooves the fieldman to assume more responsibility 
in the receiving room operations, particularly the can washer at the receiving 
plant. Tims the fieldman must be thoroughly familiar with the particular 
can washer at tlie plant and know what kind of trouble to look for and where 
to look for it. This should not lessen the general responsibility of can wash- 
ing supervision. By using a ‘‘test can/^ from which a 10'' strip has been 
removed from each side, the operator may observe the operation of each jet 
over which it passes. The author lists ten steps in procedure for testing 
the can washer, and furnishes a list of items which should be checked weekly 
if the can Avasher is to be kept in good operation. G.M.T. 

298. Fieldmaffis Share in Producing Quality Milk — V. Fieldman Must 

Sell Producers on Quality Production. W. L, Slatter, Instr. of 
Dairy TeehiioL, Ohio State Univ., Columbus, Ohio. Milk Plant 
Montlily, 33, No. 2 : 22-23. Feb., 1944. 

Emphasis is placed on the fact that the dairyman himself is the most 
important factor in tlie produidion of high quality milk. The fieldman can 
do much in attaining high quality milk production by emphasizing to the 
producer that quality milk production is not difficult, but rather doing a 
tew necessary things at the right time. The, necessary equipment and rules 
for production of high quality milk are listed and discussed. G.M.T. 

299. Fieldman’s Share in Producing Quality Milk — VI. Practical 

Aspects of Chlorine and Heat Sterilization of Dairy Equipment. 
M. E. McDonald, Bur. of Dairy Serv., Calif. Dept. Agr., Sacra- 
mento, Calif. Milk Plant Monthly, S3, No. 3 : 30-32. March, 1944. 

The author compares chlorine and heat as sterilizing agents for dairy 
equipment. A diagram of an oil-burning hot Avater and steam generator 
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is ineliicled. Procedures and precautions in using sterilizing agents under 
various conditions are given. Cleanliness, sterilization, and drying are 
essential requirements in preparing dairy equipment for use. G.M.T. 

300. Fieldman’s Share in Producing Quality Milk— VII. Keeping the 

Milker Clean. George H. Hopson, DeLaval Separator Co. Milk 

Plant Blontlily, 33 , No. 4; 26-27. 1944. 

The author emphasizes that the milking machine should be kept clean 
and never allowed to become dirty. Facilities or conditions for keeping 
equipment clean are especially important, and contain such items as (a) 
desire to keep milker clean; (b) ample quantities of cold water; (c) warm 
and hot water; (d) brushes; (e) lye and chlorine; and (f) dairy washing 
powder. 

Keeping the milking machine clean involves immediate rinsing, dis- 
mantling, brushing and' sterilization. Immediate rinsing is probably the 
most important. Sterilization may be effected through hot water at 180° P. 
or above, or if not available, a chlorine rinse containing 250 ppm. of chlorine 
be used. G.M.T. 

301. Fieldman’s Share in Producing Quality Milk — VIII. Russell R. 

Palmer, Chief Milk Insp., Dept, of Health, Detroit, Mich. Milk 

Plant Monthly, 33 , No. 5 : 52-53. 1944. 

Sediment in milk consists of any material or substance that was not in 
the milk as it came from the udder of a healthy cow. The milk may be 
sampled for sediment by one of several ways, namely, by drawing the milk 
off the bottom of the can, collecting the last of the milk as poured from the 
can, or taking a sample of milk from a well-stirred can. Each method is 
designed and employed to determine the physical cleanliness of the milk. 
Sediment will not increase in amount in the milk, but the bacteria associated 
with it may increase in numbers. The presence of sediment in milk indi- 
cates poor sanitation, and poor methods of production and handling of milk. 
Inasmuch as physically clean milk improperly cooled may show a high 
bacteria count and, conversely, high sediment milk adequately cooled may 
show a low bacteria count, there is no consistent relationship between the 
sediment test and the bacterial content of the milk. Either high sediment 
or high bacteria count represent unsanitary conditions and demand immedi- 
ate investigation and correction. As such, both tests are definitely useful, 
but not definitely related to one another in results. G.M.T. 

302. Fieldman’s Share in Producing Quality Milk. IX, Filtration .of 

Milk on the Farm. Bror E. Anderson and James A. Anderson, 

Johnson apd Johnson, Chicago. Milk Plant Monthly, 33 , No. 6: 

26-30. 1944. 

Use of ^ reliable filter disc will not only remove dirt from the milk, but 
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a study of tiie used disc will indicate the needed precautions in reducing the 
ainoiint of dirt falling into the milk. Important reasons for filtering milk 
on the farm even though the milk may be subsequently filtered at the milk 
plant are (a) to remove extraneous matter from the milk as soon as possible, 
(b) to serve as convenient farm sediment cheek to note the type of sediment 
in milk, (e) to encourage production of milk with decreased amount of 
sediment in it, (d) to aid in detecting mastitis, and (e) to lighten the burden 
on milk plant filters. A good milk filter should be fast, efficient, single- 
service with the fibers bonded together so they will not tear apart under 
pressure. Filtering of milk should be done. promptly after milking while 
the milk is still warm. Bumping of the strainer to hasten filtering should 
not be tolerated. Filtration is an aid in clean milk production rather than 
in ''cleaning’’ milk. G.M.T. 

303. Preventing Defects in Bottled Milk and Cream. B. L. Fours, Agr. 

Expt. Sta., Gainesville, Fla. South. Dairy Prod. Jour., 35 , No. 4: 

85. April, 1944. 

Wartime conditions have tended to increase defects in bottled milk and 
cream because: (1) New supplies of milk have been necessary to supply 
demand 5 (2) It has been necessary to depend largely on inexperienced em- 
ployees 5(3) There is a shortage of equipment and much machinery is badly 
wornj (4) Limitations on transportation have necessitated less frequent 
delivery. 

Two of the most important off flavors are oxidized flavor and rancidity. 
The first is usually caused by exposure of the product to unplated copper 
in equipment or to direct sunlight. Every effort should be made to avoid 
this exposure. The latter may be caused by enzymes present in the milk 
when it is produced or by microorganisms. This flavor defect is particu- 
larly troublesome in homogenized milk. Pasteurization before the flavor 
develops will usually prevent this defect. 

Bacteriological problems generally are the result of careless methods in 
handling the milk, insufficient cooling, and failure to properly sterilize con- 
tainers and equipment, Ooliform organisms may indicate fecal contamina- 
tion. The remedy is the prevention of the contamination by clean methods 
of production, the use of sufficient refrigeration, efficient pasteurization and 
sterilization of equipment. Poor keeping quality is associated with the same 
conditions which cause bacteriological problems. 

The most common other defects in cream are cream plug, oiling off, 
feathering, and the occurrence of a skimmilk layer. Cream plug is char- 
acterized by a tough leathery mass at the top of the bottle caused by partial 
churning. This defect may be prevented by avoiding excessive or pro- 
longed agitation, especially when warm, and avoiding freezing. Oiling off 
is closely associated with create plug and remedy is the same. 
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Featiieriiig is a lieat coagulation of the protein of the ereairi. Tliis coii- 
clitioii usually can be remedied by the addition of two to six ounces of sodium 
citrate to 1,000 pounds of cream. 

Two-stage liomogenizatioii at 1,000 plus 500 pounds pressure after pas- 
teurization will reduce or eliminate the occurrence of a skim milk layer at 
the bottom of the bottle. Whether or not the cream is homogenized, tiie 
body of the cream will be improved by an aging period of 24 hours at 35 to 
40 degrees Fahrenheit before bottling. F.W.B. 

304. The Value of the Milk Serum Agglutination Test in Safeguarding 

Raw Milk Supplies. H. E. Bremer, Vt. Dept, of Agr., Montpelier, 

Vt. Jour. Milk TeclmoL, T, No. 1 : 26. Jan.-Peb., 1944. 

In view of the fact that the use of raw milk from Bang infected cows 
presents an important health control measure, some quick test is desirable. 
The milk serum test is used for this purpose as a screen test. Samples are 
taken from each can of milk produced for sale as raw milk. A positive or 
suspicious test demands that either the herd be officially blood tested and 
reactors removed or that the milk be pasteurized, 

A comparison was made of the milk serum and blood serum agglutina- 
tion tests for Bang^s Disease on 472 cows in 31 Vermont herds. In the 
majority of instances less than 60 days elapsed between the milk serum 
tests and the blood serum tests, but in a few instances they were more than 
90 days apart. 

The results showed that 71.8% (339 cows) of the milk serum and blood 
serum tests checked. 10.8% (51 cows) of the negative tests on milk were 
suspicious on blood, 12.1% (57 cows) of the negative tests on milk were 
reactors on blood. 4.4% (21 cows) of the suspicious tests on milk were 
reactors on blood. 0.9% (4 cows) of the reacting tests on milk -were suspi- 
cious on blood. 

The milk serum test, if used as a basis for determining reactors, would 
undoubtedly overlook some reactors. Almost invariably the blood test will 
give a stx'onger reaction than will the milk. L.H.B. 

305. The Flavour Quality of Milk. W. H. Spkoule, Ontario Agricultural 

College, Ouelxih. Canad. Dairy and Ice Cream Jour., A:?, No. 4 : 46. 

1944. 

Emphasis should be placed on the, desirable flavors of milk instead of 
stressing the bad flavors. Experiments by Roadhouse and Koestler, Cali- 
fornia, show that the chlorides and lactose of milk have more to do with 
taste than any of the other constituents of milk. Superb flavor usually 
accompanies a high lactose and a low chloride content. Percentages of 
chlorides, lactose and fat change during lactation, and cow freshening dates 
should be staggered wisely. 
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Feed flavors may be OA’'ercome by witlilioldiiig feed from tlie cows before 
niilking. Milk readil.y absorbs flavors and should be kept in a clean, ■well- 
ventilated place. Other causes of bad flavor are bacteria, physiological dis- 
tTirban(3es in the eov- and (jhemieal activity induced by sunlight, inetallic 
salts and enzymes. H.E.E. 

306. Delivery Problems Today and ■ Tomorrow. J. N. Bauman, Viee- 

Pres. and Sales Mgr., The AYhite Motor Co., Cleveland, Ohio. 

South. Dairy Prod. Jour., 35, No. 4: 56. April, 1944. 

At the heginiiiiig of the war there w^re some 4,500,000 motor trucks in 
service in tins eoiiiitry. Conservative authorities have estimated that some 
300,000 vehicles are disappearing from the highways annually. Since the 
number of luwv trucks built does not exceed 25,000 annually and they are 
allotted on highest priority standing, there are virtual!}" no replacements 
available to private operators. 

The first essential in maintenance is proper lubrication to avoid ■wear. 
Adjustments or replaceuuatt of worn parts at the proper time must be made 
to avoid damage to other parts. A maintenance manual should be available 
to tlie mechanic so that he may properly make adjustments and repairs. 

After maintenance the second most important phase of truck care is the 
availabilit}' of parts wlien and wdiere needed. The use of a x>arts book to 
identify tlie parts needed facilitates the filling of orders. The trucks for 
■which parts are ordered should also be identified by model and serial num- 
ber. Tlie driver plays a very important part in the life of a truck. He 
should report danger signals to the maintenance department promptly. 
Full use of maintmiance information from the tuuck maniifaetnrer is im- 
portant. Delivery service must, of necessity, he restricted as much as pos- 
sible -witlioiit exti’ome effect upon sales. 

War-h‘ariied lessons on economical operations should be observed in 
peacetime since (listrilmting cost will play a large part in the success of 
an enterprise following tlie wiir. FAV.B. 

307. Influence of Homogenization on the Properties of Milk and Cream. 

J. L. Henderson, IJniv. of Calif., Davis, Calif. Milk Dealer, 33, 
No. 8 ; 30, 76, 78. May, 1944. 

With the exception of the manufacture of butter, every branch of the 
dairy industry nmv uses homogenization. This process increases the num- 
ber of fat globules, causes adsorption of protein from the milk plasma, and 
increases surface at the fatJiquid interface. It influences milk and cream 
by producing non-creaming properties,* increases viscosity,* and induces 
rancidity, oxidized and sunshine’^ flavors more readily than in unhomoge- 
nized milk or cream. The claim that homogenized milk or cream tastes 
richer was not substantiated in this experiment. Homogenization also re- 
duced curd tension irrespective of the original curd hardness, and possibly 
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increases digestibility. It produces a wliiter color due to increase in the 
surface of the fat reflecting light and decreases protein stability. Homoge- 
nized milk 'will coagulate quicker than unhoinogenized. The use of returned 
homogenized milk in ice cream and chocolate milk is probably the best means 
of utilization. 

Directions for Babcock, U. S. Public Health Standard and Parrall index 
tests for homogenized milk are given. C.S.T. 

PHYSIOLOGY 

308. Initiation and Maintenance of Lactation in Dairy Heifers by Hor- 

mone Administration. Ealph P. Eeece, N. J. Agr. Bxpt. Sta., 

New Brunswick, N. J. Soc. Expt. Biol, and Med. Proc., 5^, No. 2 : 

145. Feb., 1943. 

A 30-month-old Holstein-Priesian heifer received a total of 163 mg. of 
diethylstilbestrol dipropionate and 60 mg. of testosterone propionate in 11 
weeks. During the injection period there was a gradual increase in udder 
and teat size but at no time was the udder filled with secretion. The peak 
daily milk production was 27.5 lb. and in 7 months the heifer produced 
4517.1 lb. A 33-month-old Jersey heifer received a total of 273 mg. of 
diethylstilbestrol dipropionate in 14 weeks. At first there was a slight 
increase in udder and teat size and then the udder appeared to become 
slightly filled with secretion. At the end of the injection period the udder 
had increased considerably in size but it was not distended with secretion. 
The heifer attained a peak daily production of 33.7 lb. three months after 
the last injection. K.P.E. 

309. Differentiation between. Brucella melitensis and Brucella abortus 

by Precipitin Reaction. P. Morales Otero and A. Pomales 

Lebron, School of Tropical Medicine, San Juan, Puerto Eieo. Soc. 

Bxpt. Biol, and Med. Proc., 62^ No. 3: 197. March, 1943. 

The precipitin reaction wus used in an attempt to develop a simple and 
rapid method by ■which strains of Brneclla meUtensk could be differeutiated 
from those of Brucella abortus, B, abortus and B. siiis could not be dif- 
ferentiated ; yet they could both be differentiated from B. melitensis. Three 
melitensis strains failed to precipitate in 30 minutes when tested against 
abortus and suis sexm, but one strain did. Attention is called to the impor- 
tance of using proper strains, typical in all respects, for immunization. 

E.P.E. 

310. Secretion of Radio-active Sodium in Human Milk. W. T. Pom- 

merenke and P. P. Hahn, Univ. of Rochester, Rochester, N. Y. 

Soc. Bxpt. Biol, and Med. Proc., 52, No. 3 : 223. March, 1943. 

Four normal young women served as subjects and at the beginning of 



PHYSIOLOGY 


A139 


eacli experiment the experimental breast was emptied witb an electric pump. 
Each, subject received a single dose of about 65 mg. of radio-active sodium, 
as the chloride, in orange juice. Kadio-active sodium was recovered in milk 
witJiin 20 minutes after its ingestion and its peak concentration was reached 
in about 2 hours. Subsequent secretion slowly tapered off, some of the 
sodium being recovered after 96 hours. R.P.R. 

31 L Lactation Activity, Chemical Composition and in vitro Metabolism 
of Rat Mammary Tissue. Max Kleiber, Arthur H. Smith, and 
Phillip Levy, Univ. of Calif., Berkeley, Calif. Soc. Expt. Biol, 
and Med. Proe,, 5S, No. 2: 94. June, 1943. 

Mammary tissue of rats of the Long-Evans strain at the end of pregnancy 
and at the lieight of jactation was analyzed for dry matter and nitrog'en 
content, and the metabolic rate of the tissue was measured m vHro. The 
water content of the mammary tissue and the protein content of the mam- 
mary dry matter increased during lactation. Lactation did not alter the 
metabolic rate per unit of fresh tissue; however, it increased the metabolic 
rate per unit of dry matter and decreased the metabolic rate per unit of 
iiitrogen in the tissue. Additional experiments indicated a positive corre- 
lation between the intensity of lactation and the magnitude of the effect that 
lactation had on the composition and metabolic rate of mammary tissue. 

R.P.R. 

312. Effect of environmental Stilbestrol in Shortening Prolonged Gesta- 

tion in the Lactating Rat. Charles K. Weiciieet, Univ. of Cin- 
cinnati, Giueinnati, Ohio. See. Expt. Biol, and Med. Proe., 53^ 
No. 2: 203. June, 1943. 

One tentli to 0.5 mg. of diethylstilbestrol scattered about the cages of 
iusemiuatetl hudatiug rats suckling 9 young brought about implantation at 
the normal tinu', day 6, ratlier than around the 16th day as in untreated 
controls. Tin* importama* of isolating experimental animals that are being 
treated with dithliylstiOiestrol was pointed out. R.P.R. 

313. Occurrence of Premature Ovulation in the Domestic Fowl Follow- 

ing Administration of Progesterone. Richard M. Fraps and 
Abraham Dxtby, Bur. of Anita. Indus, Soe. Expt. Biol, and Med, 
Proe., 5 ANo. 4: 346. 1943. 

Crystalline progesterone was shown to he highly effective in the domestic 
fowl when adiinnistered under certain conditions in causing premature ovu- 
lation of normally developing ovarian follicles. Route of injection, time 
from injection to expected normal ovulation, injection level, and place of 
:the follicle in the clutcb sequence influenced results. First follicles of clutch 
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sequences were ovulated at least 6 lionrs prematurely in 90 to 95% of liens 
injected with 0.5 and 1.0 mg. of progesterone intravenously, or 1.0 to 10.0 
mg. subcutaneously. Follicles other than the first of eluteh sequences were 
ovulated by at least 7 hours prematurely in 70 to 75% of the hens injected 
subcutaneously at dosage levels of 0.5 to 5.0 mg. progesterone. Under iden- 
tical conditions intravenous injection of progesterone was relatively ineffec- 
tive. K.P.E. 

314. Pregnancy Maintenance in Hypophysectomized-Oophorectomized 

Rats Injected with Estrone and Progesterone. Wm. R. Lyons, 
Univ. of Calif., Barkeley, Calif. Soc. Expt. Biol, and Med. Proc., 
54, No. 1 : 65. Oct., 1943. 

Rats of the Long-Evans strain were caged with males and those showing 
vaginal sperm w^ere hypophysectomized and spayed on days 7 or 8 of preg- 
nancy. Hoiunonal injections were begun immediately after operations and 
continued until the day before autopsy. It ^vas found that one microgram 
of estrone and 3 or 4 mg. of progesterone substituted for the ovaries and 
pituitary during the period of pregnancy between days 7 and 11 and for the 
ovaries alone from day 11 until term. It was concluded that the pituitary 
is only necessary during the first half of pregnancy in the rat and then prob- 
ably because of its gonadotropic triad, PSH, ICSH, and lactogenic hormone. 

R.P.R. 

315. Influence of Fat Mobilization on Acetone Body Production. I. 

Arthur Mirsky, Isabelle Grayman, and Norton Nelson, Univ. 
of Cincinnati, Cincinnati, Ohio. Soc. Expt. Biol, and Med. Pi*oe., 
51, No. 3 : 363. Dec., 1942. 

Two groups of ducks were fasted for 3 days and then one group was 
injected subcutaneously with 4 mg. of diethylstilbestrol. Every third day 
thereafter for 15 days blood samples “were drawn for the determination of 
the concentration of fat and total acetone bodies. The hormone administra- 
tion produced a marked lipemia but did not influence the rate of acetone 
body production. R.P.R. 

316. Effectiveness of Blood and Hemin for Augmentation of Pituitary 

Gonadotropic Extracts in the Male. R. K. Meyer^ W. H. Mc- 
Shan, and L. E. Casida, Univ. of Wis., Madison, Wis. Soc. Expt. 
Biol, and Med. Proc., 52, No. 2 : 78. Feb., 1943. 

Augmentation of the effect of pituitary gonadotropic extracts by the 
addition of hemin was demonstrated in immature male rats. The testes, 
seminal vesicles, and prostates were significantly heavier in rats receiving 
the pituitary extract in conjunction with hemin than in rats receiving an 
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equal amount of pituitary extract alone. No augmentation was observed in 
immature male pigeons or immature male chicks when hemin was added to 
the pituitary extract in the ease of ehiekens or whole blood in the case of 
pigeons. E.P.R. 

317. Hormonal Requirements for Pregnancy and Mammary Develop- 

ment in Hypophysectomized Rats. Wm. R. Lyons, Miriam E. 

Simpson, and Hebrert M. Evans, Univ. of Calif., Berkeley, Calif. 

Soc. Bxpt. Biol, and Med. Proc., 52, No. 2 : 134. Feb., 1943. 

Sixty international units of purified lactogenic hormone and 10 interna- 
tional units of estrone injected daily ensured successful implantation in rats 
liypophysectomized and injected from the day of sperm. These two pure 
substances, however, in the doses used did not adequately substitute for the 
intact pituitary of a pregnant rat since only about one-half of the estimated 
number of implantations were found to have developed normally through 
mid-pregnancy. Seventeen out of 29 rats showed lobule-alveolar growth of 
the mammary glands equaling that of normal mid-pregnancy. Twenty of 
the 29 rats lost in body weight. R.P.R. 

318. Influence on Growth of Thyroactive lodocasein. Marvin Kogeb, 

E. P. Reineke, and C. W. Turner, Univ. of Missouri, Columbia, 

Mo. Soc. Expt. Biol and Med. Proc., 52, No. 3 ; 236. March, 1943. 

Virgin mice weighing from 13 to 15 gm. at the beginning of the experi- 
ment received thyroactive iodoeasein by either oral or subcutaneous admin- 
istration. Their gains in body weight and in length were compared with 
those of non-treated mice. The treated mice gained more in body weight 
and length than their corresponding controls. The experimental animals 
gained from 16 to 23% more in weight and an average of 28% more in 
length than tlie untreated controls. R.P.R. 

319. Influence of Pregneninolone and Pregnenolone on Spermatogenesis 

in Hypophysectomized Adult Rats. J, H. Leathem and B. J. 

BRENf, Rutgers Univ. and Roehe-Oi'ganon, Ine. Soc. Bxpt. Biol. 

and Med. Proc., 5^, No. 4 : 341. April, 1943. 

Pregnenolone was found to be capable of maintaining spermatogenesis 
for at least 20 days after hypophyseetomy. This steroid, however, did not 
influence the seminal vesicles since the decrease in seminal vesicle weight 
was similar to that observed in the hypophysectomized controls. Ten mg. of 
pregnenolone given in a single injection did not influence uterine weight or 
the adrenal X-zone of the spayed mouse. Pregneninolone exhibited andro- 
genic activity but failed to maintain spermatogenesis in the hypophysecto- 
mized rat. R.P.R. 



A142 ABSTRACTS OF LITERATURE ON MILK AND MILK PRODUCTS 

320. Lactogenic Hormone Content of the AP of the Pigeon. Victor 

Hurst, Joseph Meites, and C. “W. Turner, Univ. of Missouri, 
Columbia, Mo. Soc. Expt. Biol and Med. Proc., 53, No. 2: 89. 
June, 1943. 

Tile lactogen content of the anterior pituitary of two types of pigeons, 
the eonimon and the White King, of both sexes were compared. Pituitaries 
of male pigeons contained to ^ as much lactogen as the female. The 
pituitary of the common female pigeon contained as much or more lactogen 
than did that of the White King. Per 100 gm. of body weight the pituitary 
of the White King contained only -J to f as much lactogen as the pituitary 
of the common pigeon. R.P.E. 

321. Response of Hypophysectomized Immature Male Rats to Pregnant 

Mare Serum. J. H. Leathem, Rutgers Ilniv., N(nv Brunswick, 
N. J. Soc. Expt. Biol and Med. Proc., 53, No. 2 : 209. June, 1943. 
Pregnant mare serum maintained testis w’eight and increased the semi- 
nal vesicle weight in hypophysectomized rats treated for a 5-day period. 

R.P.R. 

322. Limited Effects of Certain Steroid Hormones on Mamrnary Glands 

o£ Hypophysectomized Rats. J. F, Smititcors and S. L. Leonard, 
Cornell XJniv., Ithaca, N. Y, Soc. Expt. Biol, and Med. Proc., 54, 
No. 1:109. Oct., 1943. 

Male and female rats of the Long-Evans Strain, from 26 to 38 days of 
age, and weighing from 50 to 98 gm. at the time of hypophyseetomy were 
used. Rats were either injected immediately or 4 to 8 days after operation 
with progesterone alone or in combination with estrogen and with desoxy- 
cortieosterone acetate. The mammary glands were stimulated with pro- 
gesterone and estrogen, either alone or in combination, only when treatment 
was begun immediately. The effects of the combined hormones indicated 
a summation of the individual responses. Desoxyeortieosterone did not in- 
duce mammary gland growth. R.P.R. 

323. Local Maintenance of Spermatogenesis in Hypophysectomized Rats 

with Low Dosages of Testosterone from Intratesticular Pellets. 
Samuel Dvoskin, Columbia Univ. Soc. Expt. Biol, and Med. 
Proc., 54, No. 1 : 111. Oct, 1943. 

Testosterone pellets were placed just beneath the tunica albuginea of the 
testis of rats of the Long-Evans strain at the time of hypophyseetomy. The 
absorption of testosterone was slowed by mixing with cholesterol in varying 
proportions. Minute dosages of testosterone caused a regional maintenance 
of spermatogenesis. Such dosages were much less than those necessary for 
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complete maintenance of the sexual accessory glands. The direct action of 
testosterone on the testis in the maintenance of spermatogenesis was demon- 
strated. E.P.E. 

324. Prolongation of Pseudopregnancy by Induction of Deciduomata in 

the Rat. B. H, Ershopp and H. J. Deuel, Jr., Univ. South. Calif., 
Los Angeles, Calif. Soc. Expt. Biol, and Med. Proc., 5A No. 2: 
167. Nov., 1943. 

Fifty-six female rats which were running normal estrous cycles and 
which were 3 to 4 months of age were used for experimental purposes. The 
induction of pseudopregnancy followed by the induction of deciduomata 
resulted in prolongation of pseudopregnaney to the 22nd day. This com- 
plete pseudopregnancy occurred in the absence of fetal tissue and was asso- 
ciated with the presence of metrial glands, maintenance of corpora lutea, 
and inhibition of follicular development. Mammary gland development 
was similar to that seen during iiicomplete pseudopregnaney and after the 
12th day regression occurred. E.P.E. 

325. Electron Microscope Study of Sperm. M. E. B. Baylor, A. Nalban- 

DOV, AND G. L. Clark. Noyes Chem, Lab. and Univ. of III, Urbana, 
111. Soc. Expt. Biol, and Med. Proc., 54, No. 2: 229. Nov., 1943. 

Semen samples were obtained from fertile bulls which were routinely 
nsed for artificial insemination. Fresh, unstained, and unfixed samples of 
spermatozoa were then studied under the electron microscope. These 
studies showed that the anterior portion of the sperm head was always 
enveloped by a protoplasmic cap which appeared damaged or disappeared 
if sperm were stained or fixed. The tail -was found to end in a bimsli which 
consisted of many free and very long filaments. It also seemed likely that 
tlie axial filament consisted of a bundle of fine fibers rather than a single 
relatively thick thread, E.P.E. 

326. Alterations in Mammary Structure Following Adrenalectomy in the 

Immature Male Rat, Charles F. Eeeder and S. L. Leonard, 
Cornell Univ., Ithaca, N. Y. Soc. Expt. Biol, and Med, Proc., 55, 
No. 1 : 61, Jan., 1943. 

Removal of the adrenals in either normal or castrated immature male 
rats resulted in an increase in the number of lateral buds of the mammary 
glands. In some eases increased end bud growth was noted, particularly 
when body growth was not markedly inhibited. Estrogen injection into 
adrenaleetomized rats caused either dilatation of these stimulated lateral 
buds or further increased their number above that of the injected nnoperated 
controls. E.P.R. 
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MISCELLANEOUS 

327. Insect and Rodent Control in Dairy Plants. Dwight M. DeLong, 

Dept, of Zool. and Eiit., Ohio State Uiiiv., Columbus, Ohio. Milk 

Plant Monthly, 33, No. 3 : 60-61. March, 1944. 

The author briefly describes effective methods of curtailing plants in- 
fested with roaches, flies, mites, dermestids, ants and rodents. G.M.T. 

328. Giving Mnsca the Air. Jerry Zich. Milk Plant Monthly, 33, No. 3 : 

60-61. March, 1944. 

The common house fly, Musca domestica, not only is a nuisance but a 
menace to public health, and, therefore, should be excluded from all dairies. 
By installing a blower over doors and above other openings to dairy build- 
ings, a strong current of air may thus be provided which serves as a barrier 
for flies, which otherwuse would enter the building. Small diagrams are 
given showing the effective arrangements of such installations. G.M.T. 

329. The Most Important Factor in the Economic and Social Structure 

of the Nation. Chris L. Christensen. Milk Plant Monthly, S3, 

No. 1 : 21-25. Jan., 1944. 

Milk production has undergone a steady expansion for more than a 
decade. This expansion is wholly justified in the present light of nutri- 
tional value of milk and its products. The American consumer has never 
had sufficient milk or other dairy foods needed for good health. Dairying’s 
future lies in translating this human need into an economic demand and a 
nutritional appreciation for the vast quantity of milk and milk products so 
that all efficient dairy operations may receive fair and equitable returns. 
Both the producer and manufacturer have certain obligations in further 
development of dairying. The dairyman needs to pay more attention to 
the economics of production in making use of abundant and high quality 
feed by use of alfalfa, improved strains and new varieties of grains, renova- 
tion of blue grass pastures, establishment of alfalfa-bronie grass pastures, 
and employment of commercial nitrogen fertilizers. In addition, he must 
consider improved herd management and dairy breeding as well as improved 
dairy barns. The dairy manufacturer must effect economy in the operation 
of cheese factories, evaporating plants, creameries and other processing 
plants, as well as savings in handling and distributing of fluid milk and 
other dairy products. He must try to utilize total milk production, the 
solids of skim milk, as well as the fat. The dairy industry in general must 
promote research to expand our present knowledge of dairy products and 
must expand this basic educational program. The dairy industry, a major 
branch of agriculture, and therefore a major American industry, can prosper 
only when other industries prosper. G.M.T. 
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330. The Place of the Dairy Industry in Post-War America, Chris L. 

Christensen, Vice-Pres., Celotex Corp. Certified Milk, 19 , No. 

215 : 7. Marcli, 1944. 

See Abstract 138,. Jour. Dairy Sol, 27, No. 4: A66. 1944. 

H.G.L. 

331. Forward Thinking in the Dairy Industry. W. A. Wentworth, The 

Borden Co., New York, N. Y. Milk Dealer, 33 , No. 7: 96-106. 

April, 1944. 

There are two phases to consider in planning for the dairy industry — 
war and post-war. The problem of supplying the greatest demand for all 
dairy products ever experienced is the biggest war problem and will prob- 
ably be the biggest early post-war problem. Charts and tables showing 
changes in consumption and utilization of milk for various products are 
included and discussed in this article. Factors to consider in both war and 
post-war planning in the dairy industry are: (1) the influence of national 
income upon the per capita consumption of different dairy products with 
their relative shifts dependent upon maintenance of income; (2) rehabilita- 
tion needs of Europe and the world will influence demands for dairy prod- 
ucts and particularly fluid milk; (3) cooperation rather than competition 
whereby dairy products will supplement and not supplant each other should 
be a factor to consider ; (4) a realization of proper price relationship of all 
dairy products to each other and to other commodities is essential to post- 
war growth and maintenance of all phases of dairy manufacturing; (5) the 
effect of Government price fixing, both ceiling and floor prices, needs to be 
considered in war and post-war thinking; (6) modification and unification 
of public health regulations wliereby needless inspections can be eliminated, 
together with reciprocal acceptance of high-grade standards should benefit 
both consumers and the industry; and (7) the retention of wartime econo- 
mies of procurement, processing and delivery of milk and all dairy products 
is vital to continued success of the dairy industry. C.S.T, 

332. Looking Ahead with the Dairy Industry. 0. B. Feed, Chief of Bur. 

of Dairy Indus., U.S.D.A. Milk Dealer, 38 , No. 8 : 48-50. May, 
1944. 

With the advent of war two things stand out: (1) the demonstrated 
ability of the industry to expand, and (2) the increased civilian demand for 
dairy products. Despite this increased demand, nutritionally as a nation 
we need to consume 275 quarts of milk or its equivalent per capita per year. 
The present average, however, is estimated at 231 quarts a year, indicating 
a 19% increase in consumption of dairy products to satisfy nutritional 
needs. Good quality of all dairy products and efficiency in their production 
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and distribution will be essential to supply increased consumptive demands, 
and both factors must be continually stressed as post-war problems. Fluid 
milk as such, particularly in the heavily populated northeastern section of 
the United States, will retain its present market preference provided its 
price is kept in line with competitive products. CbS.T. 

333. Postwar Outlook for the Dairy Industry. Donald B. Hiescii, Farm 
Credit Admin. Natl. Butter and Cheese Jour., 35, No. 6 : 26. June, 
1944. 

The federal government will probably e.stablisli price “floors” on dairy 
products to prevent sudden price declines. Such declines, which would be 
the logical effect of surpluses, may be avoided in part by education of con- 
sumers to the merits of dairy products in their numerous forms. The sue- 
eess or failure of dairy organizations will hinge on their ability to evaluate 
properly the significance of certain industrial changes and developments 
such as in the efficiency of utilizing milk solids, operating economies, plant 
flexibility, direct marketing to consumers, standards of quality for raw 
material and manufactured products, methods of establishing ]n’ices, artifi- 
cial trade barriers and farming methods. Many organizations in industry 
can meet postwar problems better by reorganization, particularly coopera- 
tives, by improving relations with patrons and customers and by sponsoring 
research and using the results to educate consumers. The outlook for the 
dairy industry is, on the whole, not unfavorable if all of its members keep 
informed and ready to make necessary adjustments. W.V.P. 
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•ABSTRACTS OF LITERATURE 
BOOK REVIEW 

334. The Chemistry and Technology of Food and Food Products. Edited 
by Morkis B. Jacobs, published by Interscienee Publishers, Inc., 
215 Fourth Ave., New York, N, Y. Volume 1, XVIII, 952 pages, 
79 illustrations, 218 tables, $10.50. 

This, the first of two volumes on the title subject, contains 23 cha|)ters 
prepared by 21 collaborators. The subject matter is divided into two parts : 
(a) fundamentals dealing with aspects of food chemistry common to all 
foods, (b) some account of the history, statistics, definitions, standards, com- 
position, and cliemistry of those food groups. The section on fundamentals 
includes: pliysieal eheinistry as applied to foods, and the instruments for 
measuriiig their physico-chemical properties (38 pages) ; chemistry, proper- 
ties and uses of carbohydrates (36), lipids (19), amino acids and proteins 
(72), enzymes (41), vitamins, vitagens, hormones (40), mineral matters and 
inorganic food adjuncts (27), coloring matters (18) ,* digestion and fate of 
foodstuffs (26) ; food spoilage and poisoning (24). The second part of the 
volume contains chapters dealing with classes of food products including 
dairy (39), meat (35), fish (39), poultry and eggs (18), oils and fats (21), 
cereal grains (89), bakery foods (40), vegetables, mushrooms, nuts and 
fruits (46), carbohydrate and sugar foods (24), confectionery and cacao 
(27), coffee and tea (16), spices, flavor and condiments (22). 

For the most part these latter chapters do not include the details of 
processing techniques, wliicb are evidently reserved for a second volume; but 
they do contain excellent reviews of problems and procedures specific and 
peculiar to the products, which the respective authors considered significant 
to that particular branch of the food industry. As a result much informa- 
tion useful in the arts of food technology has been assembled. On the other 
hand, some of the material is arranged in a technical dictionary descriptive 
style and as a result is brief and elementary. Even though several texts 
have appeared in recent years in the various fields of food technology, the 
approach to the subject as indicated in this first volume is different, and with 
breadth, and should prove a valuable correlative book in food laboratories 
and operations. While the section on dairy products in this volume contains 
no information not already available in the usual dairy texts, and is some- 
what brief and elementary for those engaged in dairy industries work, the 
scope of the material in the balance of the text and the reference to milk in 
connection with other products make it a valuable augmentative text alpo to 
the dairy food industry, K.G.W. 
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BACTEEIOLOGY 

335. Riboflavin Requirements of Certain Lactic Acid Bacteria. Tiiressa 

E. Campbell and G. J, Hucker, N. Y. Agr. Bxpt. Sta., Geneva, 
N. Y. Food Res., 9, No. 3 : 197. May-Juiie, 1944. 

Studies Avere made of the riboflavin requirements of a large number of 
lactic acid bacteria. One culture. No. 7993 {Lactobacillus), was encoun- 
tered Avhicli responded to smaller quantities of riboflavin than No. 7496 (L. 
Casei), presently used as the assaj’’ organism. Studies indicated that this 
culture (7993) could be used for assaying materials too low in riboflavin to 
be accurately assayed with culture 7496, i.e., in the range of 0.01 to 0.10 
mierograms per Ar^e milliliters. F.J.D. 

336. Relative Resistance of Eberthella typhosa and Escherichia coli to 

Chlorine and Chloramine. Elsie Wattie and C. T. Butterfield, 
Dept, of Water and Sanitation Investigations, tJ. S. Public Health 
Service, Cincinnati 2, Ohio. Jour. Bact., 47, No. 5 : 444-445. May, 
1944. Abs. of paper presented at the 45th General Meeting, S. A. B. 

At normal pH ranges, when chlorine is the disinfecting agent, approxi- 
mately 60 times as much residual chlorine as chloramine is required to pro- 
duce the same extent of kill as free chlorine in the same interval of time. 
To secure the same extent of kill with chloramine in the same concentration 
as free chlorine requires approximately 20 to 30 times as long an inteiwal for 
chloramine. D.P.G. 

337. The Temperature Coefficient of the Bactericidal Action of Chlorine. 

Ada Mae Ames and Winslow Whitney Smith, Univ. South. Calif., 
Los Angeles. Jour. Bact., 47, No. 5: 445. May, 1944. Abs. of 
paper presented at the 45th General Meeting, S. A. B. 

More than nine times as long is required for a given dose of chlorine to 
disinfect water at 8° as at 40°. (The Centigrade scale is inferred.) 

D.P.G. 

338. A Proposed Standard Method for the Bacteriological Examination 

of 30-40 Mesh Edible Gelatin. Murray P. Horwood, Mass. Inst. 
TeclmoL, Boston, Mass. Jour. Bact., 47, No. 5 : 436. May, 1944. 
Abs. of paper presented at the 45th General Meeting, S. A. B. 

Following a study of methods, it is recommended that the bacteriological 
examination of fine ground edible gelatin be made on one per cent solutions, 
on tryptone glucose agar, at 35-37° C. after 48 hours. D.P.G. 

339. Heat Activation Inducing Germination in the Spores of Ther- 

mophilic Aerobic Bacteria. Harold R. Curran and Feed R. 
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EvANiS, U, S. Dept. AgT., Bur. Dairy Indxis., Agr. Ees. Admin., 
Washington, D. C, eJour. Bact, 47, No. 5 : 437. May, 1944. Abs. 
of paper presented at the 45th General Meeting, S. A. B. 

Of 10 facultative tlieriuopliilic cultures isolated from spoiled commer- 
cially-canned eva|)orated milk, nearly all responded to preincubatioii heat. 
A large proportion of the potentially viable spores did not germinate in the 
absence of such treatment. The procedure consisted of seeding washed 
spores into various substrates and heating at 95"^ C. for 10 minutes; the 
heated and control suspensions were then subseeded into glucose nutrient- 
agar plates which were incubated at selected temperatures and counted after 
48 hours. 

The prox)ortio.n of spores which resixonded to a xxreincubation heat stimu- 
lus Avas found to be dependent upon the amount of heat, the nature of the 
lieating medium, the temperature at which the spores were formed, and the 
temperature at which they Avere subcultured. As heating mediums, 0.5 per 
cent glucose or lactose Avere more effective upon heat activation than Avere 
0.5 per cent peptone, milk, glucose nutrient-agar, beef -extract (0.3 per cent), 
glucose nutrient-broth, distilled water, or 0.5 per cent NaCl. D.P.G. 

BUTTER 

340. The Viability of Certain Udder Infection Bacteria in Butter Made 
from Raw Cream. G. S. Bryan and P. S. Bryan, Mich. Agr. 
Expt. Sta., East Lansing, Mich. Jour. Milk TechnoL, 7, No. 2 : 65. 
March-April, 1944. 

A study was made to determine the length of time pathogenic organisms 
of the bovine type would survive in butter. 

The cream for churning Avas obtained from the milk of a cow, one quarter 
of whose udder Avas infected with Sir. agalaotiae, one with 8tr, pyogenese, 
one with a noti-hemolytie Staph, aureus and the other with a hemolytic 
Staph, aureus, by the injection of 10 ml. of a 24-liour broth culture of the 
proper organism. Repeated examinations of the milk were made during the 
time the cream was being used for experimental purposes to be certain that 
udder infection had been accomplished. 

The cream was allowed to separate by gravity and after removing A\^as 
stored in an ice box at 40° P. Each day's supply was added for one week. 
The cream was then further contaminated by adding 200 ml. of a 48-hour 
broth culture of Brucella abortus, and the presence of all pathogens in the 
cream was confirmed. The cream was then divided into two lots ; one lot was 
pasteurized at 145° P. for 30 minutes, and the other was not. It was found 
that pasteurization destroyed all of the pathogens in the cream. 

The raw and the pasteurized creams were again each divided into three 
lots. One lot of each was churned immediately, while the other two portions 
of each were held for six days and twelve days at 70° P. before churning. 



A150 ABSTRACTS OF LITERATURE ON MILK AND MILK PRODUCTS 

Half of the butter of each lot of cream ^va^s salted (2.0% )y and half was 
not. The butter was kept in a refrig'erator at about 45° and portions 
Avere examined tAAdee Aveekly for the presence of the pathogens. The results 
sliOAved that there was no difference between the salted and iiiisalted butters 
in any instance. No pathogens w^ere found in tlie butter made from tlie 
pasteurized cream. 

Brucellus ahortns organisms survived for four months in the ruAv SAveet 
cream butter, and for three months in each of the butters made from the raAV 
cream ripened six and tAvelve days before churning. 

The human and animal streptococci and the hemolytic and non-liemolytie 
staphylococci Avere reeoA^ered for six months from all of the lots of butter 
made from raAV cream. L.H.B. 


CHEESE 

34 L Bacteriology of Cheese* VII. Calcium and Phosphorus Contents of 
Various Cheeses, Including Relationship to Bacterial Action in 
the Manufacturing Procedures. H. J. Zahrndt, C. B. Lane, and 
B. W. Hammer. loAva State Col. Res. Bui. 325. Marcli, 1944. 

AnaL'ses of 52 samples of Cheddar cheese made in Wisconsin, Iowa, and 
NeAv York shoAved marked uniformity in calcium and phosphorus contents, 
the average being 1.14% Ca and 0.78% P on a dry basis. Analyses of 27 
samples of Swiss cheese gave high contents of both Ca and P, but pasteurized 
milk SAviss cheese had less Ca and P than the raw milk Swiss cheese. The 
Ca/P ratio was very consistent for Cheddar and Swiss cheese. 

The Ca and P contents of Edam cheese compared favorably with that of 
Swiss cheese. Blue cheese was noticeably Ioay in minerals, for the Ca content 
aA’-eraged 0.51% and the P 0.54% in the dry matter. The Ca/P ratio was 
definitely lower. Cottage cheese contained 0.31% Ca and 0.72% P, Avhile 
cream cheese averaged 0.1% Ca and 0.23% P. The Ca/P ratios Avere low. 

The scores of the cheese were not related to Ca and P contents, a result 
that would be inevitable Avith no control of factors known to affect cheese 
quality. A.O.D. 


CHEMISTRY 

342. Some Antioxidant Properties of D-Iso Ascorbic Acid and Its 
Sodium Salt. P. J. Yourga, W. B, EpELEN, Jr., and C. R, Pe.i> 
LERs, Mass. State CoL, Amherst, Mass.* Food Res., 9^ No. 3: 188. 
May-June, 1944. 

The antiscorbutic activity of d-iso ascorbic acid was found to be one- 
twentieth of that of 1-ascorbic acid (vitamin C) ; but the former oxidized 
more readily than the latter and, when in mixture, the d-iso form was prefer- 
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eiitially oxidized, leaving’ the 1 form nnoxidized. It thus appears that d-iso 
ascorbic acid is an excellent antioxidant for l-aseorbic acid. 

Sodiuna d“iso ascorbate had poor antioxidative powers toward l-aseorbic 
acid. ■ F.J.D. 

CONCENTRATED AND DRY MILK; BY~-PRODUCTS 

343. Protein- Aldehyde Plastics. Reaction of Formaldehyde with De- 

aminized Casein. D. C. Carpenter and P. E. Lovelace, New York 

State Expt. Sta., Geneva, N. Y. Indus, and Eiigin. Chem,, Indus. 

Ed., 36, No. 7 : 680. eJuly, 1944. 

The combining ratios between formaldehyde and deaminized casein are 
established over a coneentotion range up to 6.85% formaldehyde. At any 
aldeliyde concentration 45% as much aldehyde is bound by deaminized 
casein as by acid casein. The aldehyde bound by acid casein and deaminized 
casein agrees closely with that expected from the content of certain indi- 
vidual amino acids in the respective proteins. B.H.W. 

344. Metallic Substitutes for Hot-Dipped Tin Plate. Roger H. Lueck 

AND Kenneth W. Brighton, American Can Co., Maywood, 111. 

Indus, and Bngin. Chem., Indus. Ed., 36, No. 6: 532. June, 1944. 

Tin conservation measures are described ; and the methods of manufac- 
ture and characteristics of hot-dipped tin plate, electrolytic and Bonderized 
steel plate are discussed. Data on corrosion resistance of various types and 
combinations of coatings are given for cans packed with many fruits and 
vegetables and for evaporated milk. Evaporated milk was packed in cans 
made of electrolytic plate of 0.5 and 0.75 pounds of tin per base box which 
had been treated in various ways for corrosion resistance. The electrolytic 
plate cans packed with evaporated milk showed much less corrosion resis- 
tance than did the 1.25-pound hot-dipped plate cans which were used for 
control samples. B.H.W. 

DISEASE 

345. Contribution of Streptococcus uberis to the Plate Count of Milk. 

H. W. Seeley, Jr., E, 0. Anderson, and W. N. Plasteidgb, Storrs 
' Agr. Expt. Sta., Storrs, Conn. Jour. Bact., 47, No. 5 : 440-441. 

May, 1944. Abs. of paper presented at the 45th General Meeting, 
S. A. B. 

The complete milking of 23 S. uberis infected quarters was obtained with 
a sterile milking unit. When a selective blood agar medium containing 
crystal violet, mannitol, inulin and sorbitol was used, the 8. uberis popula- 
tion of the samples was found to range from 30 to 44,000 colonies with a 
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logaritliiilic average of 3,000. There was no correlation between plate counts 
and leucocyte counts. 

Of 15 strains of S, ‘uheris incubated in milk for 60 hours, all multiplied 
rapidly at 60°, 70° and 97° F., and 10 cultures multiplied to some extent 
at 50° F. The population average of all cultures decreased at 40° F. Cul- 
tures held at 40° or 50° F. did not produce measurable changes in pH. 

The authors believe that the S. 'iiberis content of milk immediately after 
it is drawn usually has little influence on the plate count of high-count milk, 
but may contribute a large share of the flora of low-count milk, and that 
cooling to a temperature below 50° F. will prevent further changes in milk 
quality due to S, tiheris. D.P.6. 

346. A Gastroenteritis Outbreak from Food. E. C. Perriello, Health 
Dept., Attleboro, Mass. Jour. MiU^ TeehnoL, 7, No. 2 : 68. March- 
April, 1944. 

Although evidence is not considered conclusive, it is quite probable that 
raw milk was the responsible food in this particular outbreak. L.H.B. 


347. Mastitis — Laboratory Tests and Their Interpretation. J. M. Frayer, 
xissociate Dairy Bacteriologist, Yt. Agr. Expt. Sta., Burlington, Vt. 
Jour. Milk TeehnoL, 7^ No. 2 : 89. March- April, 1944. 

A very good discussion of the following tests is given : 


Physical examination 
Strip cut test 
Brom Thymol-blue test 
Modified Whiteside test 


Catalase test 
Chloride test 
Microscopic examination 
Hotis test 


Vermouths program is to eventually set up several demonstration herds 
with the idea to show what can be done with sound herd management, plus 
a certain amount of laboratory assistance, to lower the incidence of mastitis 
in the Vermont dairy herds. 

The tentative diagnostic procedure will be as follows : In addition to the 
routine use of the strip cup, physical examination of udder and brom-thymol- 
blue test at the stable, aseptieally drawn quarter samples (or pooled udder 
samples) will be taken for laboratory tests. 

The Hotis test will be made on all samples, and those which are either 
positive or suspicious will be examined microscopically and plated on either 
Edward's blood agar medium or on plain blood agar as an additional check. 

It is hoped that this procedure will detect incipient mastitis early and 
thus facilitate segregation and treatment. L.H.B. 


348. The Streptococcal Flora of the Non-Mastitis Udder. J, J. Reid, 
M. A. Farrell, B. A. Keyes, and J. P. Shigley, ,Pa. State Col., 
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State College, Pa. Jour, Baet., 47, No. 5 : 440. May, 1944. Abs. 
of paper presented at the 45th General Meeting, S. A. B. 

Monthly exaniiiiation of 1,200 laetatiiig cattle over a x^eriod of two years 
revealed that at some time during the period most of the animals shed 
strex^tococci in the milk. This was demonstrated by the Breed smear of incu- 
bated, sodium azide, brilliant-green treated milk. A few animals consis- 
tently showed neither strexitococci by routine tests nor clinical evidence of 
udder trouble. 

Twenty-five of the mastitis-free animals which had never been found to 
be shedding streptococci were selected for special study from two herds in 
which mastitis had not been a problem. Forty-ml. samples were taken from 
each animal and the sa)nx)les "were centrifuged immediately. The super- 
natant liquid was removed, and 5 ml. of veal infusion glucose broth contain- 
ing brilliant green and sodium azide were added to the sediment. After 
incubation for 16 lionrs at 37° C., smears wei^e examined for streptococci 
and blood agar streaks were made. Streptococci were demonstrated in each 
ease. Beta hemolytic streptococci of Lancefield Group D were found in the 
milk of all these animals, and streptococci of other Lancefield groups were 
demonstrated in 22 of the 25 animals. D.P.G. 

FJfiKDS AND FEEDING 

349. Effect of Wilting on the Fermentation of Alfalfa Silage. R, W. 

Stone, J. J. Reid, P. S. Williams, and S. I. Bechdel, Pa. State 
CoL, State College, Pa. Jour. Baet., 47, No. 5: 441. May, 1944. 
Abs. of paper xiresented at the 45th General Meeting, S. A. B. 

Seven silages, ranging in moisture content from 30 to 65 per cent, were 
put up with no treatment other than wilting before raking. Pour silages 
were jirepared from the same forage with ground corn and other x")reserva- 
tives. All fermented satisfactorily and produced a x>alatable product. The 
rate of fermentation and total bacterial count were proportional to moisture 
content. AH wilted silag(^s WTre relatively high in reducing sugar; those 
wilted to 50 per c(Mit and below contained more, on a moisture-free basis, 
than those wilted to 65 per cent. Pinal pH w^as inversely proportional to 
moisture. Lactobacilli were xiredominant in all silages; in those containing 
60 per cent or more moisture no other organisms -were present in significant 
numbers. Below 60 per cent, yeasts were common and in two instances 
increased to numbers comparable to the lactobacilli. Some spore-forming 
rods were found in the drier silages. D.P.G. 

350. Stability of Carotene Added to Solid Carriers. Emanuel Bickoff 

AND Kenneth T. Williams, West. Region, Res. Lab., U. S. Dept. 
Agr., Albany, Calif. Indus, and Engin. Chem., Indus. Ed., 

No. 4:320. April, 1944. 

Oil solutions of carotene may be used to supplant the large quantities of 
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cod- and sliark-liver oils formerly added to feeds as a vitamin A supplement. 
The effect of tlie carrier, tlie added oil (type and concentration), concentra- 
tion of carotene and added antioxidants on the stability of carotene was 
studied. The addition of carotene in pellet form to certain dry carriers 
without protective measures results in very rapid loss. With |)rotective 
measures, such as favorable storage conditions, the addition of certain oils 
and of very small amounts of antioxidants, and a reasonably low but signifi- 
cant concentration of carotene, the retention of carotene is greatly improved 
and suggests that pelleted mixtures containing extracted carotene may prove 
feasible as a supplementary feed. B.H.W. 

FOOD VALUE OF DAIET PKODUCTS 

351. Vitamin A Content of Sheep’s Colostrum and Milk. G. Howard 

Satterfield and E. E, Clegg, Univ. of N. C., Raleigh, N. C., and 
Arthur D. Holmes, Mass. Agr. Expt Sta., Amherst, Mass. F'ood 
Res., No. 3 : 206. May-June, 1944. 

The average vitamin A content of the colostrum and milk of ewes, deter- 
mined colorimetrically, was found to be 10.11, 6.88, 3.98, 3.37, 2.70, 1.03 and 
1.10 Lovibond units per gram, respectively, for the first seven days of lac- 
tation. During the second and third weeks it was still lower. The vitamin 
A content of the colostrum and early milk was slightly higher for two-year- 
old ewes than for older animals. P. J.D. 

352. Iron Content of Market Milk. Frances A. Johnston, Dept, of Ped. 

and Dept, of Home Econ., Univ. of Chicago, Chicago, 111. Pood 
Res., 9, No. 3 : 212. May-June, 1944, 

Sixty-one bottles of market milk from 25 companies, in 12 communities, 
were analyzed for iron by Stugart’s thiocyanate method The iron content 
ranged from 0,114 to 0.650 mg. per kg. The mean was 0.319 mg. per kg. 
Probably the best value to use for average market milk is 0.3 mg. per kg. 
This is one-seventh of the value used in current tables of food composition. 

P.J.I). 

ICE CREAM 

353. Effect of Various Temperatures of Storage upon Chemical and 

Physical Properties of Powdered Egg Yolk as Related to Its 
Use in Ice Cream. P. H. Tracy, John Sheuring, and W. A. 
Hoskison, Dept. Dairy Husb., Univ. of III, Urbana, 111. Pood 
Res., .9, No. 2: 126. March-April, 1944. 

At high temperatures of storage (room temperatures and above) 
powdered egg yolk was found to decrease in pH and to lose solubility pro- 
gressively. At low temperatures (40'' P. and under) little effect was noted. 
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Bacterial poprilatioiis cf the powder were found to decrease more rai)idly 
as the time and teiiiperatiire of storage were increased, and the color to 
increase directly with the temperature of storage. The flavor also seemed 
to deteriorate directly with the time and temperature of storage, and the 
presence of milk solids in the egg-yolk powder accelerated the rate of deteri- 
oration. 

Best flavored ice cream resulted when, egg-yolk powder stored at low 
temperature (40° P. or under) was used, but even powder stored at tem- 
peratures of 90° P. for as long as 18 months, when used in quantities repre- 
senting 0.5 per cent of the mix, did not have a serious flavor effect. 

Time and temperature of storage of egg-yolk powder could not be related 
to the whipping qualities or the melting characteristics of ice cream in which 
the pz’odiict was used. P. J.D. 

354. Studies on the Bacteriology of Stored Dried Egg Powder. Stanley 

E. Hartsell, Dept, of Biology, Purdue Univ., Lafayette, Ind. 
Jour. Baet,, 47, No. 5 : 439. May, 1944. Abs. of paper presented 
at the 45th General Meeting, S. A. B. 

Neither packaging nor compression influences the bacterial content of 
dried eggs. Higher storage temperatures decrease the total bacterial count 
more rapidly than lower temperatures. Yeast-water agar is superior to 
Standard Methods agar for obtaining total bacterial counts and for the 
isolation of bacteria present in stored dried egg powder, irrespective of the 
temperature of incubation. Higher counts were obtained when plates were 
incubated at 32° C. than at 37.5° C. D.P.6. 

355. The Occurrence and Possible Significance of Salmonella Organisms 

in Canadian Dried Egg Powder. N. B. Gibbons and K. L. Moore, 
Div. of Appl Biol., Natl. Kes. Council, Ottawa, Canada. Jour. 
Bact., 47 f No. 5 : 439-440. May, 1944. Abs. of paper presented at 
the 45th General Meeting, S. A. B. 

The examination of 380 earlots of dried egg powder resulted in the iso- 
lation of 8 types of Salmonella from 28 lots. The numbers present were 
small, ranging from less than one per gram in 13 samples to 54 per gram in 
one sample. The distribution within earlots was spotty. Laboratory spray 
drying produced a 99.9 per cent reduction in the Salmonella count and a 
65-80 per cent reduction in the total viable count. On storage the number 
decreases rapidly. Salmonella organisms could not be detected in cooked, 
reconstituted powder that had been inoculated with 8,000 to 2,000,000 organ- 
isms per gram. The authors conclude that, if reconstituted egg is properly 
kept and cooked, there should be little danger from powders containing as 
few Salmonella organisms as reported. D.P.G. 
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MILK 

356. The Effects of Farm Cooling Methods and Transportation on the 

Temperature of Nighf s Milk. S. Abraham and C, H. Cutwater, 

City Dept Health, New York, N. Y. Jour. Milk Tecliiiol, 7, No. 2 : 

78. March- April, 1944. 

The temperature of the milk at the receiving: platform does not neces- 
sarily give the inspector the actual temperature to which the night milk 
was cooled on the farm. 

A survey was made on 2233 farms in the New York City milk shed to 
determine (1) the actual temperature to which the night ^s milk was cooled 
prior to its being loaded on the trucks; (2) the types of cooling methods 
employed; (3) the relative efficiency of the various methods used; and (4) 
the effect of various transportation practices on the temperature of the milk 
at time it reaches the plants. 

It was found that 53.6% of the producers had cooled their milk to below 
51° F., 42,7% to between 51° and 60° F. and only 3.7% of the i)rodncers' 
milk exceeded 60° F., the maximum temperature permitted by the sanitary 
code. This was during the months of June, July, August and September, 

The methods used on these farms were as follows: 45.6% had mechanical 
coolers; 19.3% cooled with spring water; 16.5% used ice; and 18. 6%^ de- 
pended on pumped well water without the use of ice. 

The average summer temperatures of the milk on these farms for the 
various types of cooling ivere as follows : 

Mechanical coolers — 42.7° F. 

Ice water cooling — 50.0° F. 

Spinng water cooling — 53° F. 

Pumped well water (no ice) cooling — 56.5° P. 

A total of 154 routes were studied; of this number only 18 vehicles 
caiwied ice for refrigerating the milk during transportation. These 18 
vehicles used an average of 316.9 lbs. of ice each, travelled an average of 
62.7 miles, and carried an average of 82.3 cans of milk. The average tem- 
perature of the milk at the farm was 52.7° F. and at the plant was 52.8° F. 
The temperature change from the farm to the plant ranged from a inimis 4° 
to a plus 7° P. The vehicles not iced travelled an average of 26 miles and 
carried an average of 65.2 cans of milk. The average temperature of the 
milk at the farm was 47.8° F., and 52.2° F. at the plant. The temperature 
change from the farm to the plant ranged from a plus 1° F, to a plus 15° F. 

Only one vehicle on which no ice was used was insulated, and only two 
vehicles on which ice was used ^vere insulated. L.H.B. 

357. Applying the Direct Microscopic and Swab Tests in a Milk Control 

Program. N. 0. Gunderson, Coinnir. Health, and C. W. Ander- 
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SDK, Lab. Dir., Kockford, 111. Jour. Milk TeclinoL, 7, No, 2 : 73. 
March-April, 1944. 

Tlie authors eonelucle that the standard agar plate count has outgrown 
its usefulness as a milk control procedure for pasteurized milk as well as raw 
milk. 

The direct microscopic test on both raw and pasteurized milk and the 
swab test for determining cleanliness of equipment offer definite advantages 
over the nietliylene-blne reduction test and the coliform test. L.H.B. 

358. Scientific Advances in the Dairy Industry (A Review of Much Cur- 

rent Literature). J. H. Shrader, Wollaston, Mass. Jour. Milk 
TechnoL, 7 % No. 2 : 98. March- April, 1944. 

A fine review of 110 recent articles pertaining to new^ developments in the 
dairy industry. L.H.B. 

359. Relieving Labor Problems in Creameries. C. R. Roberts, Shefiield 

Farms Co., New York, N. Y. Jour. Milk Teelmol., 7, No. 2: 85. 
March-April, 1944. 

Our labor problems can be reduced by (1) using automatic machinery 
wherever possible, (2) job training, (3) incentive plans, (4) giving more 
attention to our present personnel, and (5) encouraging employee coopera- 
tion by using ^ ‘ suggestions ’ ' made by them. L.H.B. 
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ABSTRACTS OF LITERATURE 

BOOK REVIEWS 

360. The Microbiology of Foods. Fred Wilbur Tanner, Univ. of III, 

IJrbana, 111. Second Ed. Published by Gain*ard Press, Cham- 
paign, 111. 1196 pages. $12.50, 

The second edition of this book is completely revised and considerably 
enlarged. In addition to microbiology of all types of foods, the author has 
included general discussions on food preservation and characteristics and 
classification of bacteria, yeasts and molds. Other chapters are devoted to 
the bacteriology of water and sewage, intestinal microbiology, microbiologi- 
cal methods of assaying foods for vitamins and culture media. 

Eight chapters covering 345 pages deal entirely with microbiology of 
milk and milk products. The subjects included are : Microbiology of milk, 
bacteriological milk analysis, pasteurization of milk, microbiology of cream 
and butter, microbiology of cheese, microbiology of frozen desserts, ice cream 
and similar products, microbiology of concentrated milks and fermented 
milks. Sanitation and sanitary methods in relation to microbiology and 
quality of milk and milk products are not very thoroughly discussed with 
the exception of glass milk bottles and paper milk containers. The discus- 
sions on the last two named subjects admirably sum up available information 
on them. The chapter on microbiology of cream and butter includes most 
of the newer developments in this field such as the mold mycelia work. The 
discussion on butter cultures is comparatively brief. The same might be 
said of the chapters dealing with microbiology of cheese and dried milk. 

This book is intended as a reference source. Because of its detail and 
numerous references to original reports and because it often does not sum- 
marize or reconcile conflicting reports on certain subjects, its use as a text 
may be limited somewhat. Nevertheless, the author attempts to bring the 
reader up to date on all phases covered. Many useful methods are outlined 
in detail. A number of methods that are presented are perhaps obsolete 
and might well have been omitted. In general the books should be valuable 
as a reference book for instruction purposes and for any laboratories inter- 
ested in any phase of microbiology of foods. P.R.B. 

361, Advances in Enzymology. Volume 4. P. P. Nord and C. H. Werk- 

MAN, Editors. Eight chapters, 330 pages, including volume index 
and cumulative index of volumes 1, 2, and 3. Interseienee Pub- 
lishers, Inc., 215 Fourth Ave., New York. $5.50. 

This is the fourth of a series of volumes containing reviews by authorities 
in the field of enzymology. Previous volumes have been reviewed in the 
Journal of Dairy Science. The review articles are definitely tools for the 

A159 
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research laboratory. At least several of the review articles in this current 
volume are of iinniediate interest to dairy research workers. These include 
Gramicidin, Tyrocidin and Tyrothricin by Hotchkiss; The Influence of 
Hormones on Enzymatic Reactions by Jensen and Tennebanm; and the 
Absorption Spectra of Vitamins, Hormones and Enzymes by Brode. The 
review on the ehemotherapic agents by Hotchkiss is quite inclusive and in- 
structive in the light of efforts to utilize these agents in the control of mas- 
titis. This chapter includes a discussion on chemical nature and origin, the 
biological properties, and the mode of action of the ehemotherapic agents. 
The chapter on absorption spectra includes considerable graphic data. 
Other reviews in the volume include Chemical Formulation of Gene Struc- 
ture and Action ; The Specificity, Classification and Mechanism of Action 
of Glyeosidases ; The Transamination Reaction ; Tyrosinase ; Energy Trans- 
formations and the Cancer Problem. . K.G.W. 

BACTERIOLOGY 

362. Classification of the Organisms Important in Dairy Products. 

IV. Bacterium linens. J. Oscae Albert, H. P. Long, and B. W. 

Hammer, Iowa State Col., Ames, Iowa. Iowa Agr. Expt. Sta. 

Res. Bui. 328, pp. 234-259. June, 1944. 

The authors have developed a technic for the isolation of Bact. linens 
from various sources. A special cheese agar was used which included potas- 
sium citrate, sodium oxalate and five per cent sodium chloride; and the 
smeared plates were incubated in oxygen. With this procedure Bact. linens 
developed readily, and the color production was more intense than when 
tryptone glucose extract agar was used and the plates incubated in air. 

This organism was found to be widely distributed in certain dairy prod- 
ucts and materials about stables but was rarely found in soil. 

An alkaline reaction in litmus milk and then conspicuous proteolysis 
were produced by Bact. linens. It increased the soluble nitrogen in milk 
on extended incubation, but the extent of proteolysis varied considerably 
with different strains of the bacterium. The authors also found that the 
amino nitrogen, the fraction soluble in trichloracetic acid and the soluble 
and insoluble fractions in ethyl alcohol or phosphotungstie acid were 
sigiiifleantly increased. 

Bact. linens was not lipolytic. It produced a putrid condition in salted 
and unsalted butter at 21° C. The organism produced volatile acids from 
various alcohols Avhen grown in a medium consisting of 0.3 per cent desic- 
cated yeast extract in water. It grew at a pH of approximately 6.0 but not 
at a pH of approximately 5.0 in two per cent peptone solution. It also grew 
at a pH of approximately 9.8. The authors show that Bact. linens decreased 
rapidly in number in litmus milk in the presence of 8. lactis. It survived 
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at least 4 iiiontlis in litmus milk at room temperature, and when dried on 
filter paper it survived for at least 3 months. 

Bacvt. linens tolerated 15 per cent sodium chloride in broth or skimmilk, 
and there was some ^‘rowth in considerably higher concentrations. The 
authors a, Iso found that it was easily destroyed by heat and actively produced 
catalase. 

A detailed description of Bact, linens is given in the bulletin. B.E.H. 

BREEDING 

363. A Comparison of Inbreeding and Outbreeding in Holstein-Friesian 
Cattle. J. W. Bartlett and S. Margolin. N. J. Agr. Expt. Sta. 
Bui. 712. 28 pages. June, 1944. 

The Holstein breeding project of the New Jersey Agricultural Experi- 
ment Station was analyzed by cow families with respect to growth, produc- 
tion and liealth. The records were examined qualitatively by means of the 
graphic system of Bartlett et al. and by the use of statistical treatment. The 
influence of inbreeding as compared with outbreeding w^as considered with 
respect to growth, production and health of the animals. The general 
conclusions derived from these studies follow: 

Specific cow families and sires have the facility consistently to transmit 
genetic factors for superior size (height at withers measure), type, percent- 
age butterfat, milk production, and total fat. These are cited in the 
observations. 

At present, dairy cattle can be inbred up to a coefficient of 0.30 without 
reducing frame size (as measured by height and heart girth) . As the unde- 
sirable recessive factors are eliminated by inbreeding and selection, it should 
be possible eventually to increase the coefficient of inbreeding beyond 0.20 
without detrimental effects, since these latter results are due to the genetic 
structure rather than the actual inbreeding process. All inbred animals 
were superior in type to outbred animals. 

The total fat production was higher for the outbred than for the inbred 
progeny of the same sire. Outbreeding increased total fat, whereas inbreed- 
ing merely maintained it. 

When the same sires were used, inbreeding raised the percentage butter- 
fat test twice as much as outbreeding without significantly modifying milk 
production. In some famiKes there was a tendency for milk production to 
decline as percentage fat was increased, whereas in others, milk production 
was maintained as the butterfat test was increased. 

Outbreeding highly inbred bulls of superior qualities produced much 
more rapid breeding progress than inbreeding these sires. Furthermore, 
the rapid improvement obtained by outbreeding superior inbred sires was 
markedly greater than that obtained by outbreeding superior outbred sires. 
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The primary eoiitribiition of the inbreeding woi'k, thus far, lies in the 
development of superior inbred sires. These sires have demonstrated a 
marked prepotency for desirable growth, type, bntterfat test, and milk 
production; this is probably due to the homozygosity obtained by inbreed- 
ing. The marked improvement in the production record of the herd during 
the last decade is probably an outcome of the inbreeding program which 
made the development of these prepotent superior sires possible. 

A short appendix to the bulletin outlines a plan for analysis of a breed- 
ing program in which consideration is given to growth, production and 
health. J.G.A. 

BUTTER 

364. Use o£ NeutralLzer. S. T. Coulter, Univ. of Minn., St. Paul, Minn. 

Amer. Butter Rev., 6 , No. 8 : 256. Aug., 1944. 

With relatively low acid cream it is best to add neutralizer to the cold 
cream and agitate 10 to 15 minutes before starting to beat. If neutralizer 
is to be added after pasteurization, it is best, with high acid cream, to reduce 
the acidity to 0.25 per cent before pasteurization. Cream must be neutral- 
ized to 0.15 or slightly less per cent titratable acidity to bring the pH of the 
butter serum within the desirable pH range of 6.8 to 7.2. It is most important 
that cream be neutralized to the correct acidity, and care must be exercised 
accordingly in weight determinations, test accuracy, and solution strength. 
If the excellent neutralizer, caustic soda, is used, each pound may be added 
to 10 pounds of water and the mixture cooled before addition to the cream, 
if neutralizer flavor is to be avoided. P.S.L. 

CHEESE 

365. Comparison of Methods for Determining Fat Content of Cheese 

With Particular Reference to Blue Cheese, F. J. Babel and F. 

E. Nelson, Iowa Agr. Bxpt. Sta., Ames, Iowa. Natl, Butter and 

Cheese Jour., 35 , No. 9: 18. Sept, 1944. 

Fat in ripening cheese is partially hydrolyzed. The Mojonnier method 
extracts fat from alkaline solution, and the ammonium soaps encountered 
when free acids are present are not extracted in the organic solvents used 
because they are more soluble in water. This method, the A.O.A.C, Official 
Method and the Babcock method were compared in analyzing young and aged 
Blue and Cheddar cheese. Results on 10 samples of Blue cheese show that 
the Mojonnier method gives distinctly and consistently lower results than 
the Official method, especially with aged cheese, while the Babcock method 
agrees better with the Official method but is usually slightly lower. Six 
samples of Cheddar show similar trends. There is a direct relation between 
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the extent of fat hydrolysis and the variations encountered between the 
Mojoimier and Official methods. W.V.P. 

366. The Survival of E. typhosa in Cheddar Cheese Manufactured from 

Infected Raw Milk. A. G. Campbell and J. Gibbard, Dept, of 
Pensions and Natl. Health, Ottawa, Canada. Canad. Pub. Health 
Jour., 35 j No. 4: 158. 1944. 

A series of experiments are described in which small vats of raw milk 
were seeded with various cultures of E, typhosa at calculated rates of 1,000 
to 600,000 oi’g‘anisni>s per ml. of milk. This was manufactured into Cheddar 
cheese, samples of which were ripened at 40-42° P. and 58-60° P. Sur- 
vival was determined by plating dilutions directly on MacConkey’s as well 
as by transferring dilutions and/or macerated cheese to tetrathionate broth 
as an enrichment medium. 

There was a significant difference in the viability of E, typhosa in cheese 
stored at 40-42° F. compared with that at 58-60° P. Seven out of the ten 
cheese stored at the lower temperature retained P. typhosa for over 300 
days whereas it appeared that at 58-60° P. most of the E. typhosa were dead 
after three months. There appeared to be no difference in the longevity 
of the infecting organisms as a result of the size of inoculum. However, one 
strain (phage type M) appeared to be more resistant than the other two 
studied. Titratable acidity determinations made at intervals during ripen- 
ing indicated that the higher temperature hastened acidity increases. These 
higher acidities could not be correlated with the death of the infecting 
organisms however. O.R.I. 

CHEMISTRY 

367. General Characteristics of the Partial Hydrolysis Products from 

the Action of Proteolytic Enzymes on Casein. Theodore Win- 
nick, Dept, of Chem., Univ, of Idaho, Moscow, Idaho. Jour. Biol. 
Chem., 152, No. 2. Peb., 1944. 

A study was made of the partial hydrolysis products from the action 
on casein of the enzymes pepsin, trypsin chymotrypsin, ficin, papain, and 
carboxypeptidase. 

Following digestions with proteases, the average non-protein molecules 
contained from 5 to 7 amino acid residues, with 1.5 to 4.5 per cent of the 
total nitrogen in the form of free amino acids. After the removal of inor- 
ganic electrolytes in electrodialysis, some additional characteristics of the 
digestion products were determined, including the nitrogen content, specific 
rotation, and average molecular weight. 

The further action of carboxypeptidase on protease digests of casein was 
interpreted as the splitting of free acids from the ends of polypeptide chains. 
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The imtial products from short periods of protein digestion were com- 
pared with those from prolonged protease action. The specific rotations and 
ratios of amino to total nitrogen of the pi’odiiets did not differ significantly 
in these twn cases, in agreement with a recent speculation on the mechanism 
of proteolysis. A.O.O. 

368. Component Fatty Acids of Early and Mature Human Milk Fat. A. 

Richard Baldwin and Herbert E. Longenbcker, Dept, of Chem., 

Univ. of Pittsburgh, Pittsburgh. Jour. Biol. Chem., 154 ^ No. 1.* 

255-265. June, 1944. 

Three composite samples of human milk were studied. The first two 
were taken from 75 individuals during the first 3 days post partum, and 
the third was taken from two individuals during the 22nd to 43rd day of 
lactation. All samples were dried by the cryo therm process; and after 
extraction the lipids (62.1 gms. in all) were analyzed for phospholipids, 
volatile fatty acids, non-volatile fatty acids, and other fat constants. Frac- 
tional distillations of the methyl esters were made. 

The percentage of fat increased in the mature milk and the relatively 
high phospholipid content of the colostrum was markedly reduced as lacta- 
tion advanced. In comparing these analyses with eow^s milk fat, the most 
interesting observation is the relatively small amounts of low molecular 
weight fatty acids in the human milk fat. ‘^Although this fact has been 
known previously, there has been a tendency to emphasize the occurrence 
of these acids in cow’s milk fat as having some special significance in infant 
feeding. These acids, however, are not present in human milk fat in suffi- 
cient quantity to make the infant’s need for them credible solely on the 
basis of their occurrence.” The human milk fat showed larger amounts of 
the eighteen carbon atom fatty acids than normal cow’s milk fat; and yet 
‘"the oetadeeadienoie acid in human milk fat may not be identical with 
linoleie acid of ordinary seed fat, although the latter may he present in 
traces.” A.O.C. 

369. Fluorescence Development in Various Food Products. Jesse A. 

Pearce, Nath Res. Labs., Ottawa, Canada. Canad. Jour. Res, 22 . 

Seel P, No. 4: 87. 1944. 

Fluorescing substances developed in the following materials during 
storage : high protein foods, represented by dried whole milk powder, de- 
hydrated pork, and soya flour; high carbohydrate foods, represented by 
dried banana flakes and dried parsnips ; and a mixed foodstuff, represented 
by ration biscuits. 

The only change occurring in stored shortenings was a decrease of 
fluorescing substances in hydrogenated linseed oils. Serum extracted from 
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rancid butter had a higher fluorescence value than serum from fresh butter. 
In substances containing a high pi’oportion of fat, fluorescence values bore 
little relation to deterioration as assessed by peroxide oxygen determinations. 

Fluoresccnice tests were unsatisfactory for dried milk powders and soya 
flour. However, they may prove useful as a measure of the quality of 
dehydrated pork, dried banana, dried parsnips, ration biscuits and butter. 
(Autiior’s abstract.) O.R.I. 

CONCPdNTRATED AND DRY MILK; BY-PRODUCTS 

370. Future of Dried Whole Milk. P. H. Tracy, Univ. of 111., Urbana, 111. 

Amer. Milk Rev., 6, No. 8 : 234. Aug., 1944. . 

Dri(Ml wliole milk may become a competitor for fresh whole milk, espe- 
cially in bread making, the ice cream industry, and in the making of cul- 
tured buttermilk and chocolate milk. To become so, it must be a better 
product tlian formerly, be more convenient to use, and be cheaper. One of 
its chief faults is its tendency to develop a tallowy flavor. This tendency 
can be reduced by fore-warming to 170^ F. for 20 minutes, or 250° for one 
second; high eon centra tion ; low copper content; large particle size; packag- 
ing hot ; low oxygen in the package ; regassing with nitrogen after 24 hours; 
and storage at low temperatures. The use of dried whole milk in the home 
will require a great amount of persistent advertising. P.S.L. 

371. The Manufacture of Crude and Technical Lactose from Cheese 

Whey. B, H. Webb and G. A. Ramsdell, Div, of Dairy Res., 
IT.S.D.A., Washington, D. C. Natl Butter and Cheese Jonr,, 35^ 
No. 7: 18, July, 1944; and 35, No. 8: 18, Ang., 1944. 

Crude lactose contains at least 2% more protein-plus-ash than U.S.P. 
specifications permit; technical lactose is somewhat better; both must be 
refined to make U.S.P. grade. Crude and technical lactose can be used for 
human food products. Profitable manufacture requires at least 75,000 lbs. 
of sweet whey per day. Equipment must include vacuum pan, filter press 
and sugar centrifuge. 

Lactose is separated from whey by clarification, concentration, crystal- 
lization and centrifuging. Proper clarification is essential to obtain a low 
protein and ash content in the sugar ; this can be accomplished with calcium 
chloride, lime and hydrochloric acid, but about one-third of the original 
nitrogen remains in the treated whey. Concentration causes the precipita- 
tion of the insohible salts and nitrogenous material ; this requires reclarifiea- 
tion by filtration during concentration — whey from rennet curd is particu- 
larly troublesome in this respect. The resulting lactose often contains foam- 
producing impurities which can be removed by recrystallizing. When 
10,000 parts of clarified whey is treated with one part of the enzyme trypsin 
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at 130° F. and at pH 6.2 to 6.4 for one to two lionrs, a non-foaming sugar 
results after one crystallization. 

Six processes for making lactose from cheese whey are briefly described. 
(1) The simplified crude process concentrates whey to 55 to 60% solids, 
crystallizes the lactose and centrifuges away the mother liquor. This prod- 
uct is high in whey solids. (2) The soluble albumin, process concentrates 
neutralized whey to 62% solids, holds the concentrate at 32° to 38° for 18 
hours and then centrifuges out the lacto.se. (3) The sweetened condensed 
whey process concentrates wdiey sweetened with about 6% sucrose to 70% 
total solids, holds the concentrate overnight, centrifuges out 1 to 2 lbs. lac- 
tose per cwt. whey, leaving the mother liquor for use in sweetened foods. 
(4) The simplified technical process clarifies the whey by heat and acid, 
siphons off and concentrates the clear w^hey to 34° Baunie at 120° F., cxys- 
tallizes the lactose slowly and removes it by centrifuging. (5) The technical 
process clarifies whey as in process 4, siphons or filters off the whey, con- 
centrates it to 20° Baume (30% lactose) decolorizes with carbon, heats the 
sirup to boiling, cools overnight, neutralizes to pH 6.3, boils again, filters, 
concentrates to 38 to 40° Baume, centrifuges out lactose, washes and dries 
crystals, (6) The trypsin process clarifies whey as in process 4, neutralizes 
to pH 6.3, boils, filters, adds one pound of trypsin to 10,000 lbs. whey, holds 
one hour at 132°-138° F., concentrates to 20° Baume and then finishes as 
ill process 5. This process can be used with cottage cheese or casein whey. 

W.V.P. 


FEEDS AND FEEDING 

372. Determination of Carotene in Dehydrated Alfalfa. A Simplified 

Method. Ralph E. Silker, W. G. Schrenk, and H. H. King, 
Kans. Agr. Expt. Sta., Dehydration Lab., Manhattan, Kans. Jour. 
Indus, and Engin, Chem., Analyt. Ed., 16^ No. 8: 513. Aug., 1944, 

A simplified method, which avoids refluxing and phasic separations, was 
developed for the determination of carotene in dehydrated alfalfa. Finely 
ground alfalfa was allowed to stand for 16 to 18 hours in a mixture of acetone 
and Skellysolve B, the extract was concentrated on a steam bath to remove 
the acetone, the pigments were adsorbed by drawing the mixture through a 
magnesia column, and the carotene then eluted with a 4% solution of 
acetone in Skellysolve B. The solution of carotene was made up to volume 
and analyzed with a Beckman spectrophotometer. B.H.W. 

373. Comparison of Molasses-Oat Silage and Phosphoric Acid-Oat 

Silage as Feeds for the Milking Cow, W. A. King. N. J. Agr. 
Expt, Sta. Bui. 708. 22 pages. March, 1944. 

Results are reported of feeding, digestion, and N, Ca, and P balance trials 
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on these two types of silage with 21 cows over a period of four months during 
i:he winter of 1941-42. 

Molasses-oat >silage proved to be superior to phosphoric acid-oat silage 
in a iiinnber of ways .* in phosphorus retention, in palatability, in economy of 
milk production, and in absence of physiological disturbances. 

The oat silages were not so palatable as good corn silage; but they proved 
to be as good, if not better in the case of the molasses-oat silage, in economy 
of milk production. 

There were no great differences between the digestibility of the two oat 
silages. The coefficient of digestibility of the crude protein was definitely 
higher in the phosphoric acid silage. At the same time an increased nitro- 
gen excretion in the urine of these cows was evident, indicating that this 
extra digested protein was not of great value for anabolic purposes. 

The coefficients of digestibility of the two oat silages when fed alone 
were considerably higher than when the silages were supplemented with 
hay and grain. 

The phosphorus balance of the cows fed the phosphoric acid-oat silage 
with limestone showed a negative balance of 18.9 gm. daily, whereas those 
fed the molasses-oat silage rations and the phosphoric acid silage supple- 
mented witli hay and grain were in a positive balance. Only the group fed 
the molasses-oat silage alone showed a negative calcium balance. The other 
groups of cows received calcium supplements. J.G.A. 

374, Effect of Feeding Silages on Certain Properties of Milk: I. Effect 
on the Yellow Color and Flavor of Winter Milk, IL Influence 
on the Vitamin A Content and Distribution of Carotenoid Pig- 
ments in Milk Fat. III. Effect of Various Storage Conditions 
on the Stability of Carotenoid Pignients in Butter, 0. P. Gar- 
rett AND D. K. Bosshardt, N. J. Agr. Expt. Sta. Bui. 710. 30 
pages. March, 1944. 

This study extended over three feeding seasons — 194041 through 
19424t3. The three kinds of silage studied were made respectively from 
alfalfa, green oats, and soybeans. All were compared with corn silage as 
a control. Preservatives used were molasses and phosphoric acid for the 
alfalfa and oat silages, and molasses and corn meal for the soybean silage. 
Nine Holstein cows were used in each trial, three in the control group which 
received corn silage and three each in the other two groups. 

Conclusions on the three aspects of the work were : 

I. Alfalfa silage, whether preserved with molasses or with phosphoric 
acid, is capable of producing milk with higher yellow color, better 
flavor, and greater resistance to the development of oxidized flavor 
than that produced with corn silage, whereas green oat silage and soy- 
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bean silage are about equivalent to com silage with respect to these 
factors, 

II. Eight baiidSj or zones, of carotenoid pigments >¥ 61*6 ehroiiiatograph- 
ically isolated from corn silage, molasses-soybean silage, and eorii- 
nieal-soybeaii silage, and from the milk fats produced on these rough- 
ages. Only seven bands were found in pasture grass and the milk 
fat produced therefrom. 

The observation of others that the cow is capable of selecting beta- 
carotene from among the various plant carotenoids and concentrating 
it in the milk fat is verified by the results of these studies. 

Milk produced on soybean silages contained approximately the same 
amount of total carotenoid pigment, carotene, and vitamin A as milk 
produced on corn silage. 

The concentration of total vitamin A in Holstein milk fat was ap- 
proximately the same as that of Guernsey milk fat when the feed was 
the same for the two groups. Guernsey milk, however, contained more 
total vitamin A per quart than Holstein milk under the same condi- 
tions of feeding. The Holsteins used in this experiment produced 
about twice as much true vitamin A and about 25 per cent more total 
vitamin A but only about one-half as much carotene per day as the 
Guernseys. 

There was some tendency for true vitamin A to vary directly with the 
carotene in the Holstein milk, but no such relationship was found in 
the Guernsey milk. 

A high correlation -was found bet'ween lactochrometer readings and the 
concentration of total pigment in milk, which justifies the use of the 
lactochrometer as an instrument for measuring the yellow color of 
milk. 

III. The cai-’otenoid pigments of milk fat are not entirely stable during 
storage, even when no known contamination with copper occurs. 
Alpha-carotene is the least stable and beta-carotene the most stable 
of the definitely identified pigments. 

The presence of copper accelerates the destruction of beta-carotene 
but has little influence on alpha-carotene and xanthophyll. 

There is a slight tendency for manganous ions to inhibit the catalytic 
effect of cupric ions. 

Hydroquiiione exhibits a definite retardation of the oxidative degrada- 
tion of beta-carotene both in the presence and in the absence of added 
cupric ions. ' 
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There appears to be a progressive formation and destruction of the 
pigments in bands Ilia, Illb, and lY. Undoubtedly these pigments 
are degradation products of alpha- and beta-carotene, since they fall in 
the chromatogram above the carotenes and below the xanthophyll 
group, thus indicating a larger amount of oxygen in the molecule. 
Their stronger aihnity for the adsorbent is evidence of this fact. 

J.G.A. 

375- . Riboflavin Content of Milk Products for Feeding Purposes. E. V. 
Evans, D. M. Young, and H. B. Branion, Ontario Res. Found., 
Toronto and Ontario Agr. CoL, Guelph, Canada. Sci. Agr., 

No, 11:510. 19M. 

Microbiological assays were conducted on 58 samples of buttermilk 
powder, 35 samples of skimmilk powder and 9 samples of whey powder. 
All were of the type used in poultry and hog concentrates. Wide varia- 
tions in the riboflavin content of similar products were found. The values 
for buttermilk powder ranged from 22 to 47 micrograms per gram, while 
the range was 17-23 in the case of skimmilk powder and 14-24 for the whey 
powder. O.R.I. 


POOD VALUE OP DAIRY PRODUCTS 

376. For the Greatest Common Good. Hugo Sommer, Univ. of Wis., 
Madison, Wis. Natl. Butter and Cheese Jour., 35, No. 8 : 17, Aug., 
1944; and 35, No. 9: 56, Sept, 1944. 

Our opposition to repeal of the federal tax on yellow margarine is not 
based on the (piestion of nutritive equivalency. Such equivalency we do 
not concede because there are still unanswered questions in this field. We 
oppose repeal for these reasons: (1) Colored margarine would be sold as 
butter, the incentive being that oleo fats cost only one-fifth to one-fourth as 
much as milk fat. (2) Prices of all dairy products would be depressed. 
(3) Changes in farm practices would decrease soil fertility; even the advo- 
cates of oleo recognize that increasing field crops at the expense of livestock 
involves soil mining and erosion. (4) Decreased use of milk solids would 
be a loss in terms of human health and this despite the increased use of oleo 
by low-income groups which would follow repeal of the tax and coloring of 
oleo. The depression in prices of dairy products would reduce production 
of non-fat dry milk solids, a by-product which is considered essential as a 
bread ingredient to provide essential minerals and vitamins. Bread is a 
staple of the low-income-group diet. We cannot at the same time expand 
the use of oleo and still expect to expand the enrichment of bread with milk 
solids. (5) A dangerous precedent would be set iu the field of imitation 
of food products. Actually synthetic edible fats made from petroleum 
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paraffin are now being made in Europe and might be introduced here with 
embarrassing results. Pilled milk, filled cheese and filled ice cream become 
definite possibilities with repeal of the tax. (6) The common good of con- 
sumers, dairy farmers and producers of oil crops would all be adrersely 
affected by repeal of the tax on colored oleo. The consumer would get less 
protection against fraud. Even if oleomargarine largely displaced butter, 
the gain in oil values could not possibly ai^proach the loss to the dairy in- 
dustry. Loss of a substantial part of the butter market would cause decided 
losses to the whole industry and millions of dairy farmers since the price 
structure of dairy products is based oil the butter market. W.V.P. 

HEED MANAGEMENT 

377. Better Crop and Herd Management on New Jersey Dairy Farms. 

G, E. Taylor, H. E. Cox, G. H. Ahlgren, and P. E. Bear. N. J. 

Agr. Ext. Serv. Bui. 239. 12 pages. March, 1944. 

This bulletin is based on the premise that ^‘New Jersey dairymen can 
best safeguard their position in the feed situation by growing more and 
better quality roughage.’’ It contains numerous specific recommendations 
on soil management, the growing of hay, pasture, and silage crops, and on 
dairy cattle feeding and management. J.G.A. 

ICE CEEAM 

378. The Relative Sweetnesses of Certain Sugars, Mixture of Sugars, 

and Glycerol. A. T. Cameron, Dept, of Biochem., Univ. of Mani- 
toba, Winnepeg, Canada. Can ad. Jour. Res., Sect. E, No. 3 : 45. 

1944. 

The relative sweetnesses of the sugars glucose and lactose and of the 
alcohol glycerol, as compared with sucrose, vary with concentration. 

The relative sweetness of glucose or lactose or glycerol, compared with 
either of the other two, does not change with eoneentration, within the limits 
of the experimental method used. 

The following have been found to be equally sweet : 

(i) 2.0% sucrose and 3.8% glucose; 10.0% sucrose and 14.7% glucose; 
20.0% sucrose and 25.0% glucose. 

(ii) 2.0% sucrose and 6.5% lactose; 5.0% sucrose and 14.9% lactose; 
8.0% sucrose and 21.7% lactose. 

(iii) 2.25% sucrose and 4.0% glycerol; 5.5% sucrose and 8.0% glycerol; 
8.9% sucrose and 12.0% glycerol. 

A method is described for calculating the sweetness of a mixture of 
sugars of known composition in terms of that of a specific concentration of 
sucrose or of glucose. (Prom author’s abstract.) O.R.I, 
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379. Microbiological Aspects o£ Egg Powder. C. K. Johns, Dept, of 

Agr., Ottawa, Canada. Sci. Agr., 24, No. 8 : 373. 1944. 

The staiulards and procedure employed in tlie bacteriological control of 
Canacruiu (lrie<l eggs for export to Britain are described. During 1943, out 
oi: a total of 235 ('.arlots of Grade A powder examined, over 95% gave counts 
of under 500,000 per gram. 

As a simple plant test for the bacterial content of the melange, the Burri 
slant method has been found most useful. Methylene blue and resazurin 
tests were not so satisfactory because of end-point difficulties and the long 
incubation periods recpiired. The direct microscope count was found to 
reveal the past history of the product more satisfactorily than did the plate 
count, eoJiform or Jf, coli test. Studies on the flora of the melange and 
powder revealed that the Gram negative rods which predominated in the 
former were generally replaced by a weak-acid-produeing streptococens in 
the powder. 

Details are given of the methods used for bacteriological analysis. After 
suitable preparation and reconstitution, dilutions of the powder are plated 
on tryptone glucose extract agar containing 1% skim milk, the plates being 
incubated at 37° 0. for 48 hours. For the detection of E. coli 2% brilliant 
green bile broth and eosin-methylene blue agar plates are used. O.R.I. 

MILK 

380. The Pasteurization of Milk. G. S. Wilson, Univ. of London, School 

of Hygiene and Tropical Medicine. Foreword by Sir Wilson 

Jameson. Published by Edward Arnold & Co., London. 212 pages. 

18s. 

In this book a review of the evidence I'elating to pasteurization has been 
made, dealing particularly with the public health and nutritional aspects 
of the process. The literature reviewed is extensive, with special emphasis 
directed to indict raw milk as a source of human disease. The experience 
of England and Scotland with reference to milk-borne diseases is fully de- 
scribed. The efficacy with which pasteurization has controlled diseases of 
these types in certain communities is also cited. 

The book is not a manual for the milk plant operator or laboratory 
worker. Descriptions are given of the holder, HTST, high (flash), and 
Stassano methods of pasteurization although the apparatus used is not de- 
scribed. The laboratory control of pasteurization is critically reviewed, 
particular attention being paid to the importance and limitations of the 
phosphatase test. A very strict standard for this test is suggested, and the 
advice is given that it should at times be supplemented with the guinea-pig 
^ test for tubercle bacilli. 
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The nutritional aspects of pasteurization are discussed from the point of 
Yiew of minerals, proteins, vitamins and the growtii-pronioting and fertility- 
sustaining power. The "woiiv dealing with the vitamins of the B group is 
somewhat incomplete, only Vitamins and Bo being mentioned. A chapter 
and an appendix are devoted to refuting some of the standard arguments 
that are occasionally raised against pasteurization. O.R.I. 

38L Meeting New York Milk Demands. Leland Spencer, Cornell Univ., 
Ithaca, N. Y. Amer. Milk Rev., 6, No. 4 : 106-108, 116-119. April, 
1944. 

Much milk handled by Atlantic seaboard dealers the past year has been 
purchased outside its normal shed and has been sold at a considerable loss. 
New York City escaped this condition because it maintained a potential 
number of inspected farms to meet peak demands. This reserve supply 
was greatly changed by its diversion to shortage areas during November, 
which, with 12.6% increase in maihet milk consumptiou, caused a shrinkage 
to one-half of manufactured products. New York City^s demand for milk 
in 1944 will probably be the same as for 1943, and the same will probably 
be true for diversion of milk from its milk shed for November 1944. Pro- 
duction prospects are poorer than for 1943. Government aid can function 
in three ways : (1) assurance of as abundant feed as possible, (2) recognition 
of the necessity of labor and labor-saving equipment for the dairymap, and 
(3) maintenance of a price high enough to encourage dairymen to stay in 
business at their present size. P.S.L. 

382. Factors Affecting Milk Supply in Akron, Canton, Dayton, and 
Portsmouth, Ohio. C. G. McBride and R. W. Sherman. Ohio 
Agr. Expt. Sta. Bui. 652. July, 1944. 

The five years 1939-1943 are included in all the markets studied ; and 
in two markets, records for a longer period were available. The years pre- 
ceding 1939 had been a period of increasing total shipments of milk to these 
markets. All markets were operating then under some form of base and 
surplus plan, and there had been a trend toward less seasonal variation in 
shipments. 

Soon after 1939 the supply situation began to change, due to shifting of 
population for employment in defense plants. Of the four markets, Dayton 
and Akron experienced the greatest increase in demand for milk. By the 
fall of 1942 these markets had demand in excess of total farm shipments, 
and in 1943 the shortage was still greater. 

Changes in market plans were made that are significant. As city sales 
increased, desire developed on the part of producers to do away with the 
base and surplus plan and thus to relieve the shipper of the necessity of 
taking a lower price for his ''surplus’’ milk. One after another, beginning 
with Dayton and ending with Portsmouth, the markets abandoned the base 
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and surplus plans. Dayton introduced a quantity bonus plan to induce 
more sliipinonts tlirougdiout the year. From 1939 through 1943 there has 
been an increase in average shipments per day, but seasonal variation of 
sh]|)ments has increased to a marked degree. This is a matter of real con- 
cern, because wide seasonal variation adds to the difficulties and the costs 
of tlie nuirket milk business. 

Tlie period of withdrawals of producers in largest numbers came in 1941 
and 1942. The most important reason for withdrawal from all these markets 
was retirement, including illness and death. Increasing demand did not 
tumi the tide of retirement, but it appeared to induce those who remained 
in the market to increase their volume of shipments. 

The producers whose average daily shipments were much larger than 
the average of the market did not hold their relative position. The reason 
given was the difficulty of maintaining an adequate labor force. Those with 
shipments below the average were more inclined to withdraw by retirement 
than were tJiose in the middle brackets. The increase in shipments, there- 
fore, came as a result of larger average shipments from farms with medium 
size of herd. 

With dealers’ sales limited by War Food Order 79, it would appear that 
these cities will not have great difficulty with milk supply for about 9 months 
of the year. Several factors work together to make fall production rela- 
tively lower, and this may create some tight supply situations in the fall 
months. A return to some form of base and surplus plan holds the greatest 
promise for solving this problem. H.P. 

383. Cleaning Method Suggestions. S. T. Coulter, Univ. of Minn., St. 

Paul, Minn. Amer. Butter Rev,, 6 , No. 4: 118-119. April, 1944. 

For washing of metal equipment where a rather hard water only is 
available, the author has found satisfactory a mixture of 45 pounds tetra- 
sodiiim pyrophosphate, 25 pounds sodium metasilicate, 25 pounds trisodium 
phosphate, and 5 pounds of a suitable wetting agent as Naceonol N.R. Dreft, 
Swerl, M.P. 189, Vel, Neosnds, etc. The very hard water for which the 
above was recommended contained 24 grains of hardness per gallon, 16 
grains methyl orange alkalinity, and 5 grains of sulfates. The mixture is 
to be used at the rate of one-fourth to one-half ounce per gallon of water, 
or better by using one-half gallon of a stock solution per 50 gallons of water, 
the stock solution being prepared by dissolving 15 pounds of the dry mixture 
in ten gallons of water. If the wash water in the plant is softer than the 
example cited, less of the sequestering agent, tetrasodium pyrophosphate, 
may be used in the mixture. The mixture will not remove milk stone and 
water stone already formed, but it does not encourage their formation as 
does soda ash and trisodinm phosphate. 

For preventing milk stone formation in farm dairy utensils, the recom- 
mendation is made that a definite procedure be followed of rinsing the 



Ai74 ABSTRACTS OF LITERATURE ON MILK AND MILK PRODUCTS 


utensil in Inkewarni rather than cold water both before and after washing’. 
A chlorine rinse should be given just before use only, since chlorine solution 
is slightly corrosive. Steaming or a hot- water rinse is proper after wa^shing 
for disinfection and as an aid to rapid drying. A mixture made by the 
addition of a tablespoonfiil of one of the whetting agents previously named, 
per pail of water, is good when used alone for farin-iitensil washing. A 
home-prepared paste for removal of milk stone deposits can be made by 
adding to Italian 4F pumice enough of a 5 per cent solution of a Aveak acid 
such as citric, tartaric, or acetic to make a paste. The deposits may be 
renioA^ed by sconring Avith this abrasive paste, folloAA^ed by thorough AAUshiiig 
and rinsing. P 'S.L. 


PHYSIOLOGY 

384. Some Factors Affecting the Resistance of Ejaculated and Epididy- 
mal Spermatozoa of the Boar to Different Environmental Con- 
ditions, John P. Lasley and Ralph Bogart, Dept, of Anim. 
Husb., Univ. of Missouri, Columbia, Mo. Amer. Jour. Physiol., 
Ml, -No, 5: 619, July, 1944. 

Secretions from the accessory glands (prostate, seminal vesicles, Cow- 
per’s and urethral glands) did not greatly influence the resistance to a cold 
shock or storage potentialities of boar epididymal spermatozoa. The degree 
of dilution, using several different diluters, had no influence upon the re- 
sistance of epididymal spermatozoa to a cold shock. Diluting suspensions 
of epididymal and ejaculated boar spermatozoa with egg yolk-phosphate 
buffer increased their resistance to a cold shock and their survival under 
storage conditions. 

The resistance of spermatozoa to a cold shock and their ability to survive 
during storage varies with the place in the reproductive tract from which 
they are obtained. Spermatozoa from the head of the epididymis are very 
resistant and survive during storage for long periods, but their resistance 
and survival capacity decrease as the distance of their location from the 
testis increases until spermatozoa in the ejaculate have practically no re- 
sistance or storage potentialities. It is suggested, on the basis of the fore- 
going observations, that the reduction in resistance and storage potentialities 
of boar spermatozoa is associated with changes within the spermatozoa 
rather than with changes in their environment. D.E. 

MISCELLANEOUS 

385, Tin in the Dairy Industry. Julia Banter, Battelle Memorial Insti- 
tute, Columbus, Ohio. Natl. Butter and Cheese Jour., 35, No. 7: 
68. July, 1944, 

Although till is a scarce, strategic metal now, new developments in 
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iLsiiift’ it will favor its use after the war in the dairy industry. For example, 
(d,ectr()lytic p]atiii^>' can apply economically, accurately and rapidly, definite 
ajid unironn (coating's of any desired thickness to vats, cans, pipe-lines and 
till plate. White bronze, a tin base material containing 35 to 50 per cent 
tin, and tin in eoinbination with nickel offer new possibilities in coating 
copper base materials and steel. Tin with 8 per cent zinc gives a stiff foil 
which may be used for capping milk bottles. The life of tinned equipment 
can be extended by avoiding corrosive acid and alkali cleaners. “W-'Y.P. 

386. A Family and an Industry. Paul H. Mandt, Olsen Publishing Co. 

Milwaukee, Wis. Natl. Butter and Cheese Jour., 35 , No. 7: 16. 

July, 1944. 

This is an interview with Loomis Burrell, whose grandfather, Jonathan 
Burrell, was a pioneer in the development of dairying in New York State 
nearly 150 years ago. The records of Loomis Burrell and his family show 
the importance of eheesemaking in those days, the factory problem, the 
adoption of English methods, and the gradual development of better me- 
chanical devices and marketing methods. Dates of events and inventions, 
names of inventors, and exits of early machinery are interesting features 
of this historical sketch. W.V.P. 
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ABSTRACTS OF LITERATURE 

BOOK REVIEWS 

387. Annual Review of Biochemistry. Volume 13. Published by Animal 

Reviews, Ine., Stanford University P. 0., Calif. 27 sections includ- 
ing indexes. 795 pages. $5.00. 

As in previous volumes, Ammal Eevieiv of Biochemistry is the hand- 
book whereby competent authoi‘s have the opportunity to review the recent 
developments in selected fields of biochemistry. The subjects of discussion 
and the authors are selected by an editorial board. In each of the reviews, 
the autliors appraise, as well as review, the developments. Milk, being 
biologically complex, is related directly or indirectly to many of the sub- 
jects of discussion in Annual Reviews. Of the discussions of direct interest 
to those engaged in dairy research may be cited the following: Biological 
Oxidations and Reductions j Non-Oxidative Enzymes ; Chemistry of : The 
Carbohydrates; the Lipids, the Proteins and Amino Acids. Metabolism of: 
Carbohydrate; Pat; Proteins and Amino Acids. Mineral Metabolism; 
Water and Pat Soluble Vitamins; Nutrition; Nutritional Deficiencies of 
Pann Animals (by Huffman and Duncan of Michigan State College). 
Other sections are reviews on Steroids, Biochemistry of Nucleic Acids, 
Purines, and Pyrimidines, Chemistry of Hormones, Biochemistry of Malig- 
nant Tissue, Alkaloids, Synthetic Drugs (Antispasmodics), Photo-Periodism 
ill Plants, Chloroplast Pigments, Mineral Nutrition of Plants, Growth Regu- 
lating Substances in Plants, Biochemistry of Fungi, and Histochemistry. 
Annual Reviews is definitely the tool of the trained research worker, written 
in condensed, technical style. K.G.W. 

BACTERIOLOGY 

388. The Rapid Identification of Mucoid Hemolytic Streptococci of 

Possible Epidemic Origin. Major Isadore Pilot, M.C., A.U.S. 

Amer. Med. Assoc. Jour., 125, No. 15 : 1037. Aug. 12, 1944. 

A medium is described for the rapid isolation of mucoid strains of beta 
hemolytic streptococci {8trei)tocoecus epidemicus) associated with milk- 
borne epidemics of sore throat and scarlet fever. Ascites fluid infusion 
blood agar has been used, but ascites fluid is not always available. Difco 
dehydrated brain heart infusion prepared with 1.75 per cent agar furnished 
a satisfactory base for moist plates with 5 per cent human blood added. In 
12 to 24 hours, colonies appear large, mucoid, ameboid and confluent. In- 
fusion agar prepared with various peptones failed to bring out the large 
mucoid growth. Isolation is followed by grouping and typing of the 
cultures. 
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Of recently reported milk-boiTie outbreaks of sore throat and scarlet 
fever, now traced to serologically specific types of liemolytic streptococci, 
type 3 accounted for three outbreaks, types 2 and 17 for others. These types 
appear to be sources of epidemic strains, but no mention is lua.de of an,y 
iiiiieoid property. 

^‘ Tlie iiiiicoid strains are particularly responsible for the bovine niastitis 
which is the source of epidemic milk-borne septic sore throat and scaidet 
fever. Experimentally, the mucoid strains ascend into the udder by simply 
smearing the teat arid cause a similar mastitis. This aggressive property 
of the mucoid strains is further demonstrated by the frequency of their 
occiirrence in otitis media, mastoiditis and meningitis complicating sore 
throat.’’ ' D.P.G. 

BUTTEE 

389. Importance of Copper in Certain Color Changes in Butter. R. V. 

Hussong and B. W. Hammer, Res. Lab., Sugar Creek Creamery 

Co., Danville, 111. Pood Res., No. 4 : 289. Ju]y»-Aug., 1944. 

Additional evidence is presented of the ability of copper contamination 
of cream to cause bleaching of butter accompanied by tallowy flavor; also, 
evidence that copper contamination of wrappers, even in isolated spots, may 
initiate bleaching and off-flavor, which will start adjacent to the spot and 
eventually spread to areas of the butter not contaminated with copper. The 
fact that, even when the butter is uniformly contaminated with copper, the 
bleaching begins at the surface is evidence of the importance of air as an 
accelerating agent in the reaction. P.J.D. 

CHEESE 

390. Some Factors Affecting the Behavior of Cheddar Cheese in Cook- 

ing. Catherine Personius, Edith Boardm'an, and Andrianna R. 

Ausherman, Dept, of Home Been,, IJniv. of Wis., Madison, Wis. 

Pood Res., 9 , No. 4: 304. July-Axig., 1944. 

The authors present evidence indicating that Cheddar cheese improves 
in cooking quality with curing, the improvement being more rapid in dieese 
of high moisture content and in the ease of curd cured in hermetically 
sealed cans as compared wutli daisies. The soluble protein of the cheese also 
increases with age, but there is no definite relationship between this factor 
and cooking quality. Low fat cheeses have poor cooking quality. 

The blending of cheese with liquids is affected by the pH and ion content 
of the liquid. At pH 5.8 and over, good dispersion is obtained. At pH 4.0 
to 5.0, the cheese tends to separate from the liquid in hard eurd-like par- 
ticles. High temperatures employed in preparation of cheese mixtures 
intensify the tendency of the cheese to mat, string, become tough and 
separate fat. P.J.D. 
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391. Salt Migration in Cheddar Cheese Curd and Its Effect on Moisture 

Content, pH and Bacterial Content. W. H. Hoecker and B. W. 
Hammer, Iowa Agr. Expt. Sta., Ames, Iowa. Pood Res., 9, No. 4: 
278. July-Aiig., 1944. 

This study shows that cheese loses moisture rapidly at the surface of 
iiidividnal curd particles and in the interior of the particles during the fix’st 
15 hours ot pressing. The greatest loss is at the surface. Losses after 15 
lioiirs iire relatively small. The salt content of cheese is relatively high at 
the particle surface, at hooping time, and relatively low in the centers. 
During pressing, the salt decreases at the surface and increases at the cen- 
ter ; and 24 liours after pressing, it is usually quite uniform throughout the 
particle. At niilliug, the pH values are essentially the same at the surface 
and the center of the nnsalted curd particles. When hooped, the surface 
values are slightly higher and the values at the center slightly lower. Dur- 
ing pressing, values at both places fall rapidly and gradually approach each 
other, until at 24 hours after pressing they are about equal. Changes in 
bacterial counts were not sufficiently definite in the study to be conclusive. 

In Cheddar cheese inpened four months, the distribution of moisture and 
salt was foiMid to be fairly uniform. F.J.D. 

CHEMISTRY 

392. Human-Milk Fat. 1 . Component Fatty Acids. T. P. Hilditch 

AND M. L. Meara, Dept, of Indus. Chem., Univ. of Liverpool, En- 
gland. Biochem. Jour., 38, No. 1 : 29-34. 1944. 

A limited amount of early and late lactation human-milk fat and a 
larger amoimt of saponified human-milk fat were analyzed by ester-frac- 
tionation to determine the various fatty acids contained therein. 

Their results show there is about an equal amount of saturated and 
iiiisatu rated fatty acids in human-milk fat. Compared with cow-milk fat, 
it contains a relatively smaller percentage of the lower molecular weight 
fatty acids and a iiundi larger percentage of the 18-carhoii unsaturated 
fatty acid, this being .unusually high for an animal fat. Human-milk fat, 
in regard to its component acids, has moz-e resemblance to a typical mar- 
garine fat-blend than to butterfat.” A.O.C. 

393. Adsorption of Riboflavin by Lactose. Influence of Temperature. 

Abraham Leviton, Bur. of Dairy Indus., IT. S. Dept. Agr., Wash- 
. ington, D. C. Indus, and Engin. Chem., Indus. Ed.; 36, No. 8 : 744. 
Aug., 1944. 

This work follows an earlier paper on the influence of concentration. 
A knowledge of the influence of temperature furnishes a basis for the pro- 
duction of adsorbates (milk sugar eoutaining adsorbed riboflavin) as by- 
products izz the manufaeture of lactose. • To utilize the productive capacity 
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of milk sugar plants for the manufacture of adsorbates, it is necessary to 
establish conditions for the controlled preparation of these adsorbates. The 
range of concentrations and temperatures studied include those which 
would be eiieountered in the manufacture of adsorbates from grain curd 
casein whey and are applicable to a wide range of operating conditions. 
In the commercial manufacture of lactose, even if all the riboflavin present 
in whey were adsorbed, a weak adsorbate would be obtained because the 
ratio between the quantity of lactose crystallizing from whey and the quan- 
tity of riboflavin in the whey is large. There is a critical riboflavin con- 
centration beyond which the degree of adsorption rises sharply and in- 
creases linearly at 5° and 28° C. with increasing concentration. The data 
are considered primarily from the standpoint of their practical application, 
but a number of problems of both theoretical and practical interest are 
discussed. B.H.W. 

394. Composition of Casein in Milk. G. A. Ramsdell and B. 0. Whittier, 

Div. of Dairy Res. Labs., Bur. of Dairy Indus., Agr. Res. Admin., 

IT.S.D.A., Washington, D. C. Jour. Biol. Chem., m, No. 2 : 413- 

419. 1944. 

Heretofore the analyses reported for casein have been on the basis of 
the acid-precipitated product. The authors have employed a new method 
to separate the calcium caseinate — ealcinm phosphate complex from milk — 
by means of a supercentrifuge. 

the literature there is no analysis of the elementary composition 
of casein obtained by our procedure, and that the results check, as a whole, 
surprisingly well -with analyses of casein obtained by acid precipitation is 
interesting evidence that the changes in physical character through the 
action of acid are not accompanied by a pronounced alteration in its per- 
centage elemental composition. However; the fact that the percentages we 
found for sulfur and phosphorous are somewhat higher than those obtained 
for casein repeatedly dissolved by alkali and precipitated by acid indicates 
that such treatment removes a portion of these elements from casein.” 

The authors report the complex containing 4.80% tricalcium phosphate 
and 95.20% calcium caseinate; and this ealcinm caseinate having the fol- 
lowing percentage composition: Calcium 1.18, I^hosphorus 0.78, Nitrogen 
15.34, Carbon 52.29, Hydrogen 6.919, Sulfur 0.762, and Oxygen (by dif- 
ference) 22.73. A.O.C. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

395. Evaporated Milk. Current Comment. Anonymous. Amer. Mecl. 

Assoc. Jour., 125, No. 12: 852. July 22, 1944. 

Physicians are urged to avoid prescribing evaporated milk by named 
brands. Reference is made to a survey of the distribution of evaporated 
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milk ill wliicli it was shown that the shortag'e proved to be not a shortage of 
evaporated milk but of certain favorite bi^ands. Less-well-known brands 
were available but not moving. Instead of advising against changing 
brands, physicians can do a service to their patients and their country by 
explaining to mothers that all brands of evaporated milk must meet federal 
standards. It* the favorite or accustomed brand is not available, satisfac- 
tory results can be expected from the use of less familiar brands, provided 
consideration is given to whether the milk selected is irradiated or fortified 
with vitamin D. If the milk selected is not so fortified, supplementation 
of the diet or formula with this vitamin can be made separately. ^ D.P.G. 

396. Retardation of Fat Autoxidation in Dried Milks, M. B. William- 

son, Res. Labs., S.M.A. Corp., Chagrin Falls, Ohio. Food Res., 
,9, No. 4 : 298. July- Aug., 1944. 

Several antioxidants, rice bran concentrate, Avenex, tocopherols, hy- 
droxy(|ninone monobenzyl ether and 4,4-dehydroxydipheiiyl ether, tested 
for their potency on mixed fats, were found to be effective when the fats 
Avere incorporated into skim milk powder. Thiourea, normally without 
effect in protecting fats, showed aiitioxygenic pow’'ers for fats combined 
with skim milk in the dry form. The authors show this to be due to the 
presence of water and discuss the theory of this action. F.J.D. 

DISEASE 

397. Lactic Acid: A Corrosive Poison. B. Gordon Young and Ralph P. 

Smith, Depts. of Biochem. and Path., Dalhonsie Univ., Halifax, 
N.S. Amer. Med. Assoc. Jour., 7^5, No. 17: 1179--1181. Aug. 26, 
1944. D.P.G. 

398. Mastitis. E. C. McCulloch, A. A. Spielman and 0. J. Hill. State 

Col. ot* Wasli. Ext. Cir. 75. 4 pages. April, 1944. 

A brief summary depicting, by means of cartoons and diagrams, the 
causes, spread, prevention, and* control of mastitis. ‘ J.G.A. 

FEEDS AND FEEDINCx 

399. Vitamins D and A in Alfalfa Hay. G. C. Wallis, South Dakota 

Agr. Expt. Sta. Cir. 53. 12 pages. June, 1944. 

Vitamin D develops as rapidly in small windrows as in the swath. Less 
vitamin D develops in large windrows than in the swath and small wind- 
rows, and still less in cocks. Most of the increase in cocks takes place in 
the outside layers. 
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Carotene losses are much less from the windrow than from the swath. 
Losses are still less from cocks. 

Allowing the hay to wilt in the swath for a few hours and tlieii raking 
it into small to mediiini sized windrows provides for rapid drying of the 
hay, encourages the development of as much vitamin D as the particular 
plants are capable of producing, and conserves a fair amount of carotene. 

Finishing the curing in cocks after partial drying in the swath and 
windrow tends to conserve more of the carotene but takes more time and 
labor and provides less vitamin D. 

Turning the windrows for the last half day or full day of curing in- 
creases the vitamin D content by about 100 International Units per pound 
as compared with unturned windrows. 

The (levelo|)inent of vitamin D in alfalfa hay by sunshine exposure is a 
comparatively slow process which continnes gradually over a period of at 
least 6 or 8 days. The vitamin D content of hay could be increased by 
continuing the curing beyond the length of time necessary for proper dry- 
ing, blit the losscvs in carotene and other valuable properties would more 
than offset the gains. 

Alfalfa hay probably varies between 300 and 1,000 International Units 
of vitamin D per pound, averaging about 500 to 600 units. 

Alfalfa varies from time to time in the amount and rate of vitamin D 
development induced by sunshine exposure. The reasons for such varia- 
tions are not known. J.G.A. 

400. The Intensity of Feeding as Related to Milk Production. T. A. 
Baker and A. E, Tomhave. Del. Agr. Expt. Sta. Bui. 248. 15 
pages. June, 1944. 

Five groups of Holstein cows were fed maintenance rations plus allow- 
ances of total digestible nutrients for milk production, equal to 82.2, 105.3, 
122.4, and 131 per cent of the Haeeker standard, respectively. Substantial 
increases in production were obtained by feeding in excess of, the Haeeker 
standard. The amount of milk produced for each pound of total digestible 
nutrients fed was greatest at the lowest feeding level. The addition of; a 
pound of nutrients produced the same increase in milk production, at each 
higher level. For the most profitable milk production it can be conserva- 
tively recommended that the allowance of total digestible nutrients pre- 
scribed by the Haeeker standard be increased by at least 20 per cent unless 
the cost of each added pound of total digestible nutrients is as great as the 
net cash return from 1.46 pounds of milk containing 4 per cent butterfat. 
Feeding digestible nutrients at different levels had no effect on the body 
weight or condition of the cows. There was no effect of feeding at different 
levels on butterfat percentage. J.G.A. 
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40L Feeding Peanut Meal and Hay, W. J. Sheely, R. B. Becker, N. R. 

Mkiirhop,, and H. L. Brown. Fla. Agr. Ext. Serv. Bui. 115. 15 

pages, ill US. 

Detailed iirlonnation on the composition of these Florida-grown prod- 
ucts, together with specific directions for feeding them to beef cattle, dairy 
cattle, swine, and poultry. J.G.A. 

402. Carotene Content of Alfalfa. Retention on Dehydration and Stor- 

age. Ralph B. Silker, W. G. Schrbnk, and H. H. King, Kans. 

Agr. Expt. Sta., Manhattan, Kans. Indus, and Engin. Chem., 

Indus. Ed., 36 , No. 9 : 831. Sept., 1944. 

The effect of blanching, grinding, storage temperature and chemicals 
upon the stability of cafotene in alfalfa was studied. Blanching the fresh 
alfalfa with steam prior to drying, thereby inactivating the enzymes, fur- 
nished complete protection for the carotene during the dehydration process. 
The grinding of fresh alfalfa caused a loss of carotene. The addition of a 
suitable antioxidant or addition of a chemical which was known to suppress 
enzyme activity furnished partial protection for the carotene during the 
dehydration. Diphenylamine and liydroquinone were the most effective 
antioxidants while thiourea and sodium cyanide helped to inactivate en- 
zymes. The. carotene content of alfalfa meal decreased as the temperature 
of storage increased. Storage at C. of blanched and dehydrated alfalfa 
protected the carotene for long periods. There was a loss when the meal 
was removed from cold, storage and allowed to stand at higher tempera- 
tures. B.H.W. 

FOOD VALUPd OF DAIRY PRODUCTS 

403. Riboflavin Content of Milk and Milk Products. Louise Daniel and 

L. C, Norris, School of Nntr., Cornell Univ., Ithaca, N. Y.. Pood 

Res., 9 , No. 4: 312. July-Aug., 1944. 

Modified fluoroxnetric and microbiological methods for determining the 
riboflavin content of 18 different dairy products were found to give results 
without significant differences, but on the whole somewhat lower than val- 
ues reported in the literature where rat-assay methods were employed. 

Average riboflavin values on the fresh basis for the products studied are 
presented in pg./gm. as follows : dried sweet cream buttermilk, 33.65 ; dried 
whey, 20.72; dried skim milk, spray process, 19.81, roller process, 18.81; 
dried whole milk, spray process, 15.44, roller process, 14.76 ; Cheddar cheese, 
3.00; cream cheese, 1.87; liquid wholemilk, 1.77; liquid skim milk, 1.58; 
liquid buttermilk (cultured), 1.56; light cream, 1.47; liquid whey, 1.24; 
and butter, 0,367. F.J.D. 
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404. General Points in the Handling of Sherbets* B. I. Masurovsky, 

Ees. Editor. Ice Cream Trade Jour., 4.0 ^ No. 8: 48. Aug., 1944. 

Successful mercliandisiug of bulk sherbets presents several ])robleiris. 
Consumers siiould not be forced to accept sherbets in place of, or in order to 
get, ice cream. Sherbets have been most popular when sold in factory- 
filled packages in combination with ice cream and in the form of novelties 
such as chocolate flavored ‘^pop’^ containing milk sherbet. Strawberry, red 
raspberry, black raspberry, orange or pineapple ‘^pops’^ have been popu- 
lar. Vanilla, chocolate and other important ice cream flavors should not 
be used as'sherbets in order to avoid confusion, or the possible substitution 
by ice cream dealers, or at the soda fountain. At least 20% of pure fruit 
material should be added to fruit ices and sherbets which are frozen with 
agitation. '^Pops’^ and frozen confections are frozen without agitation. 
Overrun should be limited to not more than 40% for ^%ops^^ and not 11101*0 
than 50% for sherbets. Attention should also be given to sanitation. Care 
and attention in the production of high-quality sherbets now should aid in 
plamiing for postwar sales. W.H.M. 

405. Mocha Flavor and Its Place in Ice Cream. B. 1. Masurovsky, Res. 

Editor. Ice Cream Trade Jour., 40, No, 9 : 52. Sept., 1944. 

Mocha is a flavor created by a combination of chocolate and coffee. 
These two flavors may he added to the ice cream mix in extract form, or 
coffee extract may be added to a mild chocolate ice cream mix. If coffee is 
added to a chocolate mix, only about half the usual amount of clioeolate 
ingredients should be present. The amount of coffee extract to use will 
vary from -J to 1 ounce per gallon of ice cream mix. It should be free from 
chicory, or other foreign flavoring material. Other points wliieh should he 
observed in making Mocha-flavored ice cream are: (1) the sugar content 
should be less than that of chocolate ice cream or about the same as for 
vanilla ice cream. (2) The mix should contain no cereals or substitutes for 
milk solids. (3) It is desirable to increase the fat content 1 or 2 per cent 
above that of the standard vanilla mix. 

Mocha and vanilla ice cream make a nice two-layer brick. Other recom- 
mended combinations are orange or strawberry sherbet, red raspberry 
sherbet and peach ice cream. When served at the fountain, Mocha ice 
crfeam should be topped with nuts and marshmallow rather than with 
chocolate sauce. In advertising the ice cream, the emphasis should be put 
■on chocolate Mocha rather than coffee Mocha. W.H.M. 
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406. Statistical Aspects of the Acidity Test. H. Barkworth. Dairy 

Indus. j .9, No. 1 : 20, Jan,, 1944. 

Tlie autfior points out the importance of controlling the amount of 
plieiiolphthaicin used in the acidity test as this factor has been shown to 
have a greater effect on the result than any other single factor. The fact 
that the relationship is linear means that a given change in the amount of 
indicator will always cause the same amount of change of pH of the end- 
point. By increasing the concentration of indicator from logio 1.6990 (50 
nmigms. per 100 ml, milk) to logio 1.9031 (80 mmgms.) lowers the pH of 
the end|,)oint from 8.39 to 8.34. Similar changes in concentration will give 
corresponding changes in the pH of the endpoint. The correlation coeffi- 
cient is large and therefore indicates a very close relationship between these 
two factors. - D.V.J. 

407. Effect of High Cell Content on Resazurin and Methylene Blue 

Tests. C. S. Morris and M. Edwards. Dairy Indus., 9 , No. 2 : 92, 

Feb., 1944. 

It was found that the inclusion of high-cell-content milk into good qual- 
ity bulk milk did not materially affect the results of the Ten-Minute’’ 
Resazurin Test. * However, in some cases when such milk was subjected to 
the Standard Routine Resazurin Test, a definite effect was noted so that the 
milk might be placed in the B or C categories. In some eases the addition of 
5 per cent of high-eell-eount milk to good quality, low-eell-eount milk was 
sufficient to cause a noticeable change in the test. 

The Methylene Blue Test was also found to be affected by the presence 
of high cell content milk in otherwise good quality milk. ■ As little as 15 
per cent of high-eell-eount milk (from cows with no clinical symptoms of 
mastitis) can be sufficient for a failure on the Methylene Blue Test. 

In some eases high-eell-eount milk has the same resazurin reduction 
time as milk of normal cell content. In the majority of these eases, the 
cells present were mainly tissue cells. 

The author points out that this work ns only preliminary and in many 
ways incomplete. D.V.J. 

408. Influence of Udder Cells on the Routine Resazurin Test, the Ten- 

Minute Resazurin Test and the Methylene Blue Test. S. B. 

Thomas and D. A. Bowie. Dairy Indus., .9, No. 5: 335. May, 

1944. 

Approximately 5,000 bulk herd samples were examined over a period 
of three years. Seventy per cent of the samples had cellular counts under 
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750,000 per ml., while 20 per cent had counts between 750,000 and 1,500,000. 
Eight per cent of the samples contained over 1,500,000 cells per ml 

Normal milk from herds with a low incidence of mastitis and counts 
under 750,000 cells per ml. were not degraded to categories B or C in tlie 
routine resaziirin classification. Leucocyte activity alone was found re- 
sponsible for the degradation to category B of 25 per cent of the samples 
with cell counts between 750,000 and 1,500,000. Milk infected with mastitis 
or containing a high proportion of late lactation milk was nsiially detected 
by the routine resazurin test. Sixty-five per cent of the samples containing 
over 1,500,000 cells per ml. were degraded to category B and 10 per cent to 
category C. Twenty-five per cent of these samples reduced methylene 
blue wdthin hours. D.V. J. 
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